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SECTION I 


INTRODUCTION 


1-01 ASSYOMENT. 

This special etuby was assigned to the Military Myrdrolory 
Researsh ond Development Brench, Engineering Division, Fashingtan 
District, by letter from Office, Cidef of Enginssra, ENOVE, to the 
Division Engineer, Rorth Atlantic Livisio; subject, *"vilitery 
Hydrology 2 &D Project Noe &-72-12.001; Special Asaigmente.* dated 
27 May 1952. 


1-02 PURPOSE ANT SCOPE, 


&, Thie report presente information regarding the hydraulia 
effectae and nature of artificial flooding potentialities in the Bae 
River basin, It consists largely of a compilstion and concelidatian 
of information presented in verious intelligence documents and 
teannical publications, with certain supplementary anaiyss and dis- 
Pussicns, Aciditional studies are needed toc adequately cover the 
subject for gencral silitary requiresonts. 


&, The report is designed to furnizh besic data and msulte 
of enalyses needed tc anerer questions concerning: 


(1) Rofmad and extreme stages =né scurfece velocity in- 
cluding dureticn, at key stations on the Ems Rivers 


(2) Stream charecterictios including gradients, depths 
er widths of chammei and flood plain in térious resches af tne veter- 
ways of the beeline : 


(3) Data concerning Locetians tnd sero elevations of 
gezing (pecel) atetions. 


(kL) Date conesrmning location and dimensions of naviga- 
tion structures, levees and bridges on the watervays of the Ems River 
basin, 


(5) The extent of flooding created by erection 2f tes- 
porery dame on the Eas River, 


f6) The magnitude and duration of fload waves ani 
flow vartaticas oreated by Gestruction or operation of stress control 
etrustarse end ths effect on triiging, crcesirg, and navigation of 
ths fee River. 


i=03 ARRANGEMENT s 


Thie report is subdivited as fallowxs; 


Section I Introduction 

Section II Drainage Basin Charecteristics and 
Developments 

Section ITI Rydralegic Cheracteristics 

Section IV- Artificial Flooding Petertislitiss 

Section ¥ Effect om Military Operations 


Bibliography 
Tay 
; 
Exhibit A 
Lt 5 


eta 
is 


Description of Bridges ani Dams, Ems River 
VOleeagraption cf Watercourse and Control 
Structures 


Vath DEFINITION OF TERMS, 


a& uivalent tric Tarmas, Both the English and 
metric systeus e Conversion factors are pre- 
sented for reference in Table 1, ; 


Be Taves and Abbreviation, The following 
adbreriationt el ic , « for waters, 
3 or Kdlometers, x- for cutioc netere, m/s for meters per cenont, 


a-/n for eabie meters per second, AbvreVistians applicable to stege 
and discharge are defined in Table 2, 


1-05 REFERENCES. 


All refersnoss cited in this report are listed in we bibli- 
ography following Swction ¥ of the text. ; 


SECTION 11. 
DRAINAGE BASIN CHARACTERISTICS #f0 DSYELOPMERTS 


2-01 GRTERAL. 


& The Bee River ie the wente:rtamet of the large rivers in 
Germany. Lt im located in the movinses of iiannover and Westfalene 
ip the northwest pert of Germany near ths Holland border, the river 
<lows rertingad to Emden emptying inte Dollart Bay, sn estuary of the 
sorth Sea, Thea Ems River forms the baeis of a large canal cysten, 
ineloding the Dortaund-Eus Cenal which folicows the Ems valley for :weoh 
of its course. A general map is stow on Plate 1 and a mre detailed 
iosation pian ia inoluded on Plate 2, Detailed desoriptions ere oon~ 
tained in Exhibits A and B and in References 1 and 2 listed in the 
bibliography of this report, 


De This report is confined to consideration of the main 
stem of the Ewe Biver, “hs Dortauné-Ew camai, ad the scenals on the 
left siije of the Sm River east of the Germany-Holland border. 


2<02 TFOORAPRY. 


The gmerai topogramy of the Ems River basin is illustrated 
the .Fuyeiographie Diegrom shown as Plate 36 The Em River rises 
slope of the Tesbelynpts Feld. ah:  eiebande of 
about 130 = sui flows. westward acrosa the shallow land depression of 
the “dymster Bay," emerging onto the North Sermm Main through « 


88 
male 


; by the 
tedled deperictions: epnep: in:tise Gneamitn 14sha8 00. Rew 
ferences. Tad fds. the Bibidegraghy, 


2B CEINCY. 


s 


Drainage areas at key gaging stations on the 
in Tolan 3 ad Be he arcas GHained by the 
tributaries ere as follows: 


Yerse Eme confizuence 765 
a e sl 33 
Hase # « 2124 
Lees f & 2203 
Eos Weree confiuece 1876 
* da & 3872 
ad Hase " 50799 
« Leda « 9499 
° ¥outh 12482 


2-05 GRADIENTS AND PROFILES. 


@e Gradients ars iniicated on the profiles ehom on Plates 
410, inclusive. Pollowing ere listed average gradients of the En 
River s 


Rergn River Ee Avg. Gradient 
par 10.000 

Source ~ Beiwinkels 1/411 32 
Beiwinkels 4111 ~ Werce River 44311 405 
Weree River — Rheine 
Bheine — Rentleca 2512246 906 
bentlage — Yeppen ? Zot 
Meppem ~ Leda River 17%6= 78 1.6 
le@a River — Houtt 78~ 0 Qe? 


G» River distances alone the Exp River are expreseed in this 
report as kiloastere chow ‘orkum Islemd, the south of the us River 
in Dollert Baye In Extabét. By distances is measured in a dowstresn 
direction, end three different kilometrage sero points are employed for 
different reashess at the source, ot Greven, and st Meppen. ‘The systems 
are indicate’ on the Oenaral Nap, Plate 1. Im certain cther publication, 


a. Distenoes along tha Dorteamd-<ie Camal are seasured in 
kilometers norte frog Ported and are so chow on ths Loceticn 


ae indicated on the profiles of Plates 7 to 10. 

2-06 CHAS! DEPTHS. 

Ge ee oe ee ee ee 
upriver losetioe tut fairly deep in the poole shove ths dees, 2D 
on 


Saiki Sotiin isle: eeractechatodl-as: eae: As nC == 
in xeferences 1 axl 25 A tabulation of representst 


Souree ~ Nerve Bi ver Oeb (Anh mn at dans) 
Werae River « yheine 

Rheine — Mepren 25iwlL76 Leet 

MePNEN «= River ls 72 22k 

leds River « Raien Tew Sl SeSwheS 

Bexien  Zonth Sie 0 p5) 


Wit ae The midche o¢ wiliay mubject to flooding oan Le estimate? by 
te the Oenerel Piste 1... Following is a general indi- 
cation of-the chennel end flsod plain widths a 
River Channe}, Fisod Plein 
Rasch kn width fo) BiAth firm) 
Rouree « were River 7 eSaa§ Oe Seah 5 
Werse River ~ Reine 311253 20- Oe5—1.05 
Raeizs — Ken 251-176 40-59 05-3 
Meppen < Rivwr 176— 78 D=300 165-7 
Leda River — faien TEux $1 550 10=15 


ae § «es 


Zui | RAVIOATION . 


S The Baw River form the basle of an extensive nevigation 
canal eystes, Tao Dortemd-Gas Conal follow: the fea Valiay froe 


scst tapertast ngs weit icmanetrinDlge gee es tla itl Gaal 
and in Exhthét: Bs fore ere shom on pletes 1 ani 2 wi profiles 
1 e@ Plates 410, Additional information regarding navi- 


Sailer, sometises Sree with ice up to 30 om thick, but interruption 
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eres and flow on cape ell ae ine. age arte li geiP 8 
. Locks and dame for navigstion, power generation, xi izri- 
getion, Limited Giveteicas of water betwsen the fas River, Cortevsi-te= 
Cenal, oi the cther canals is asocapliched te quaping and by oparstion 
of control structiree, Detuiled deseriwifen of flow regulaticn cn the 
Ses River and adjacent comeais is included in Exhibit: 5 md in Refer 
ences 3 and 2. Looatiens of stroctures exe axuwn on the aem and rro-~ 
files, Plates 1 to 10, insiusive, 


2-10 DAMS AND RESERVOIR. 


ie sengmeples.- Ko high dame or large reservoirs axis. 
in the Emr River sexoept for #9 million m? storage reservoir in 
the Soeste river valley near Frelecyths, south of the Kuesten Cenale 


be pares lass Detailed description of the nmrous 
navigstion locks ated on the various streema snd canals of 
Bas River baein iz contained in Exhibite A and B, amd locations 


tie 
a ae er ee eee ee 


Cs On the Exe River upstreas from Nisinge (kn 
251), there are 15 emeli mill dame of minor importense, De- 
ecriptive date appears in Sotibit A and iccations of the most ine 
postent structeres are show on the profiles, Plate 4. 


2ell LEVEES. 


Ho extensive lewe syste existe in the nun-<idal resshes of 


floods, In the titel resohes, 2 ocmplets system of leveas, sanale, 
end pimp etatione iv mainteined to prevent re<“looding of the large 
ereas of low-lying reclaimed lard along the river. ‘ihe mein levecs in 
that region are 4 to 5 = high. 


aul2 CaNAIS, 


& The bectm=:t-Ees Canal provides a part of the comecting 
link for beree treffic between the Rhine River end the North Sea and 
is = importent part of the Mittellend Conal system. Enlargessnt of 
the canal to a project depth of 3.5 s has teen undertaken to permit use 
of 1500-ton boate. Work wat started about 1930 and was expe 
finished by 1942, tut was not complete in 1945, the date of lates 
formation. Location plan, profile, ami typical cross-sections of t 
DortaundEee Canal are shown on Pistes 2, 7, end li, respectively. 
Detailed navigation data are contained in References 1 through Se 


as 
“§ 


fs we ae a Gy i 
#etric tons LUNTIVDE 
: TY INE 


te ‘The E-Gelten Caral fie a lateral navigation canmsi by- 
patcing the "ee River and tortemd-Eas Cana] from Hesseote to Papenburg. 
Construction wos steried prior to the war,.dbut abandoned. No infor 
ation is aveilebie on ine current statue of Umsiructiog. ‘The pro= 
posed divanetons of the canal ate 46 m wide and 3.5 m deep, su7ficient 
for 1500'ton barges « Incation of the proposed omal is shown om Plate 
2; and the plored profiié sn Piste 7. 


G. The cmale on the Isft side of the Bes River provide 
for barge treffic between the German sxxil Holland canal sytiem@. Sargee 
used exo 27 m long by 5.8 m wide and normally carry 00 tons, Kt c= 
be loaded tc 1>tons for travel on the Eme-Yachte Canal. the Vechte 
River traffic ie reetristed to 20 ton*oapasity boasts. References 1 
emi 2 contain detailed inforastion, Ses Plates 1] ani 2 for losations, 
Plates 8 oxi S for profiles, and Myietitik B for additional description. 


“2ei3 SRIDOSS. 


Leostions and clearances (wherever data are avellable) of 
major teidges a:roes the Ems River are shown on the profiiss of Plates 
4 to 6 inclysiv. ‘Tabulations of pertinent oridge deta are included 
as fgxethitx A and cxu..ained in References 1, 2) end 10 of the Bibli» 
cgrapp>. Relisble information upon post-war recorstruction subsequent 
to 1945 18 not availabdis,. 
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3-Ol GBAEFRALs 


laformation regarding Bsa River steges end disgnarges, etece 
curation and seasonal variation ard eurrunt ~welocities ara herein pra 
sented in generelised granhjenl form inecfar as practicable tc facili~ 
tate application of the dsta to specdiffe military prcblem. Rafxeennes 
cited showkd be utilised foe eapplementary date, 


3002 CLIMATOLOGY. 


Climatological data for the region covered by thie report 
muy Se found in References 2 ani 3- ‘The annual rainfall in North . 
Germany iesreases from scout 70 me on the Korth Sea Coast to about 


ee §00 em et Posen ond increasce about 
wn fur saan 100 meters of altitude, The seximm rainfall occurs in 
; gumersSieg inf): 


303 STREAM OMT? STATIONS, 


SEE FOR NE nie eae eee enseee Bat, Bhree aint 
its wibutarice and records.ere published for the more importent. -.. 
stationge. losations of gages of primary ispertanss are sicm on. the 
Susteren eats 

Sta ical raceris for the ing are in tie 
German Eydrologic Yearbook, Referenoss il am! 12, 


3-04 RIVER STU0ES. 


meena) : of steess foe each monte 
Saieated Peles 3 ad 4e It may be obscrved thet 
ee ee es ee ee ae ee 
Novem Unroush Amil, are aonistently highs thee the oarresponding 
suc SENS Arta a coe months, May throvgh Coteber. The 
WEN, oA RW cooar oe January or Februerr ast the cinima 
in daly Sbough kagihass i ihe oscurrense of higher stagee during 
winter On 4156°35 dooetted ‘on cn the Stege fuvation Curver of Plate li. 


gation, Stage duretici atrves for statism ci 
: he percent of tim: a given stage was 

or empocded Goring the period of record, are resented on Fister, 12 

and 13 It azy be observed that the mem stage (7) shown on Tables 
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3 ami 4, (regresen<ing ar. arithmetical awerags) differe from thie 
median stage, that stage, shown a. Plates 12 and 13, which has been 
equalled or expesded 5Of cf tho ties, That 44fference is insigniNicant 
for staticws in tus tidal reschee, but is appreciable for soss none 
tidal stetime,. Tha following table of yearly msan and sedim etaces 
shows the differa@.ce for key stations, 


Yeah” Stare fen) vedian Stage jon) 
(502 of time) 


Ststion (Tables 3 : 4) (Plates 12 x 3) 
Oreven 248 230 
Rhsine 226 at 4) 
Vereen ise 150 
Pspenburg aE He 641 620 
; ) 478 478 
Baier (Gigh-tide) 628 630 
} 327 320 


de Tage tesaaiganss The tidal range between mean high tide 

(i7tew) end meen )» e# indievated in Tables = ond £, veries 
from seca iho ane: cca yp +n: enig he < Pagar geet icigi 
from thoge tables and also the 


id 
proSilo of Plate 6, that the high tide steges (Hi thw, HThw, end 
Mi Thw) are higher at the gages the sea than et thoes f 
tretrean, Bi he eal se Sek Dyekhie' singse-& Sneiee-almeation 3 
eviderwed: the stage duration e-~ves c/ Plate 13 present a graphical 
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S Poueeksbe Average stage-discharge re-~ 
tstsin worms Te Scan te lis ae chee sees semen ae 
Fimeé Ae Tote curves were esticated from discherss seceuresants 
anc trom eqeivaient stege=discharge dats contained in Referensee 12 
amt 12 of the Miltogramy. 


= IVER VRIOCITIES. 


on aR Ake 1? velocity of atrese flow varios acoording 

to the conform of the rive bed, et eee 
strictions, vriation 1. slops, ef¢, Channel loprovemmte and oute- 
offs, training walis end levecs, cperation of dam and other modifice- 
tions of naturel conditions appreciably affect the stream velocity. 
Intluent rivers in fleod tend to elevate the sain river waters et the 
oar pee wore teapem neg: Pity. csmealt bayer nara cag 
tenting to reduce ths scin sivas Slicps abow and to inorease it below 
the sonfivenee point. socordingly, correlations detwean river steges 


appliasbis to all pointe along the adjacent river sections, but only 
serw as cuneral indications, 


be Sarface Yelooitice, 


(1) Insuffisient besic infurnstion concerning stress 
hydraulics finctions (crossestional area, wetted periaster, slops of 
water surface, roughness factor) is available to permit accurate dew 
termination of stream velocities. Estimates were based upon wlooities 
cbeerves during discharge measursmmta at cecing stations ed recorded 
in Reference 12. Velositice so obtained are not necessarily indicative 
of the eT tC eee el ae ee ae in paragraph jie, 
and probably tend to be higher tha that for tne adjacent scent streca 
reaches becauge ('scharge meaguremmts are normally nade at locations 
of restricts! seatione in order i< facilitate masuressnt, The deduced 
moan velocities were mitiplied ty 1.18 (108. Fe ppv to obtain cor 
responding surface be 2 inarggra ¢ M A ee estimstad surface vo= 
loodtiee at key locations folicz 


Estinated dean @ 
Surface Velocity (im/nhr) 
ce ee | 


Sielion River Joa 

Rheda 3 - 3456 2.0 145 
Creven 295 268 257 25 203 
Rhaine (4c } 26 4e8 466 255 O08 
Rencken fee 2 = 301.7 = 


(2) In order to give om indication of the reistive 
frequenuy of velocities of various magnitudes, the surface velositics 
corresponding approximately to various stages ci key gaging stations 
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alom the ies River ere show: on the stage duratim ourves of Plate 
l2 opmpelte tne correspomiing gage heignte. 


Se Ejood Save Travel Time. Sxantination of available flood 
crest timst a6 indicated by noonaday readings recorded in the officiel 
German Hydrological Yearbook, 2eferences D1 md 12, for the fads of 
Nowember 1090, Hovesber 19026, xoverber 1930, Feorusrr 1777, arn 
January 1938, indicates mm average rate of progression of cresting tise 
of natural. im an follows: 


byeruge Peak 
River Travel Rate 
Kesah =: 
Oreven-dheine 295-250 1.9 
Rheine-H anekenfackr 260-214 14 


aneken fachrVersen ZgnlOS 1.2 
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4-7 GENERAL | 


a. Tre tem fartificial flood# as used in this report anplies 
to ay major increase in the extent ef Mleoding, over that normally 
prevailing with existing developnerts, that is brought atout by manipu- 
lation of control structures, breaching of dans or levees, or tenporary 
damzing operations designed to create flooding ennditions. Applications 
of artificial Mooting considered in this report fall into the following 
four general categories: 


(1) Still-water barriers, crested by flooding land to 
form water obstacles, using such means as breaching levees, diverting 
flow from canals, raising crests of existing dams or constructing 
tanporary dans. 


(2) Opainage obstacles or muc-flats, in which the wet- 
ness of the soil is increased to form muddy or marshy conditions that 
would impede military traffic, bro:ght about by disrupting the nommal 
drainage of land, destroying pumping and drainage facilities used to 
drain marshy or lew land, or by inducing shallow inundation of flood 
plains or reclaimed land. Mud flats may also be formed by draining 
areas normally inundated by reservoirs or pends. 

(3} Strespflow veristions, in which changes in dis. 
charges, depths, velocities and widths of streams are brought about 
to hinder strean-crossing operations or navigation such as might be 
accomplished hy opening ami closing outlet works of water control 
structures. 


{4) Major flood waves, creaved by sulden breaching of 
a dam to release large quantities of impoumied water, 


& Many opportunities exist for effective use of "still-mte 
carriers" and "drainage obstacles"® in certain areas of the Pns River 
basin, The possibilities of such floeding is reviewed in the follos- 
ing paregraphs. Opportunities also exist fur effective use of "stream 
flow variation" and *major flood waves" and should be fully considered 
in the planning of military operations. This report deals principally 
with creation of "still water berriers” and "drainage obstacles" slong 
the course of the Ems River; however, certain qualitative evaluation of 
the possibilities of utilization of "stream flow variation" and "major 
fleed waves® is included, 


c. A considerable anount of infornmtion regarding artificial 
flooding poszibilities in the Ems River basin is contained in the study 
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made for the German General Staff, 2 translation of which is included 
as Bamicit B of this report, ard which has been utilized ir prepare 
tion of the analyses of artificial flooding potentialities, reviewed 
in the following parsgrepis. GSxamination of various other documents 
in connection with preparation of this report disclosed evidences that 
Stee studies had been made by Dutch, American, and British sources; 
however, those references were not available at the time of writing of 
this rapport, but are listed in the Biblicgraphy as References 13 te 15, 
indlusive, 


4-02 STILL-WATER BARRIERS AND DRAINAGE OBSTACL 


a General. The studies revi ewed in this paragraph pertain 
to the artificial flooding effects that might be produced by creation of 
still-water barriers and drainage obstacles slong the Ens River. The 
studies were Lirgely besed upon a map study of the area, utilizing the 
1:25,900 GS0S 4414 map series Supplanented ty data fran References 
land 3. Exact determimtion of elevations, contour lines, and flooding 
boundaries from those maps was difficult; however, the results contained 
in this report are believed to offer 2 good indication of the relative 
possibilities of svuci flooding, First-hand information should be obtain- 
od by local rem-naissance regarding the locstion and dimens’.ons of 
levees, roadfills, and culverts and the ground elevetions in the vicinity 
of specific locations in order to accurately establish the area subject 
to artificial flooding. 


b. Uydrologic Consideratiuns. The effectiveness of artifi- 
Cial flooding is contingent in large measure upon the natural hydrologic 
condi tions prevailing 2t the time of the operation. The amount of water 
stored and availabdie within the basin e stage and rate of flow in the 
streans, are al] important factors. hueerscas 4s made to Section IIT 
of this” report for detailed description and ty following sub-paragraphs 
for suremayi 28 ton of these pertinmt hydrologic considerations, 


To tean Gi san f toe tos River during the 


period 1926 te ie ranged fran 18.523/s.at Oreven (in 295) 10 66 03/0 
at Verse (ea wn 268), avereging lee 30 v/s for the reaches of primary 


interest. regis Po the dry samer months tie avers 3) pininnan flew would 
be as Jew as 3m Flood flows as high as 460 ar’/s have tem record 


ed at Kheine (ies. 250). Reference is mde to Table § for addi ticnal 
discharge cata, 


(2) The naturel weter supply of the Ems River basin ia 
obtained frum reinfall over the drainage areas and supplimented by 
water supplied to the canals from sources outside of the Bus drainages 
area. In order to conservs the iimited supply, “thrift besins® and 
repurping of leckage dischirge to the higher levels is resorted to at 
many of the locks. “later is withdrasn from the canal systen for weter 
supply of the city of Yumster and for other wes at en average rete 
of approximately 0.3 m/s. fhe water in the canal system can be 
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repleishatl by orping of water from ths folloviny exterzal soorces: 


em Cap 
ah eae bach pla 
Lippe River Ze 
Rhine River 3 
Waser River pia 
However, during periods of extended drought, only the water supplied 


from the Rhine River can be counted upon as certain. Detailed Coe 
criptias: ef the cannl water supply is contained in References 1, 2, and 3. 


(3) There are no large reservoirs for water atorage in 
the Bus Bagin. "Ippon: tely 30 million of tater are vontained 
within the channels of the Dortrund-ins Canal and other canals of the 
basin, and could be utilized for floodinz purposes at the expense of 
reduction of navication ari of the inherent water obstacle value of 
the canals thuaselves. Within the tidewater sections ef the basin, 
an inexhaustibje source of supply is aveliable from the tidal roaches 
of tic Bus River, subject to limitetions of tidal variations. 


c. Noans of Creating still-wntcr Serriers and Dreinage 


Qostacies. 


{4) The water obstacle afforded by the existing water 
ways of the Ens Mver basi: could be increased by utilisation of one 
or mre of the following means: 


(2) Greation of still-water barriers by reising 
erssts of oxisting da=* or by onstruction of terporary dams et suit- 
able sites, cambined with confining of the flooding within desired 
limite by sae of culverts and other outlets in levees and road fills. 


(b) Inundation of Yowlords by breaching dikes and 
levees to create still-vwatcr barriers or to reduce cross country 


(0) Inundation of lowlnnds and formation of drain- 
age odstecles by closing of drainage cutlets or ramval of pwning 
feellities. 


(d) Inumfation of reclaimed tidal lowlands by 
operation of tide gates to admit weter et high tide or te prevent its 
drainage during low tide. 


(2) Analysis was mde of the flooding resulting from 
tenvorary diering to lm and to 3 7 above enn water (UA) stisges, 
desimated respuctively as "low barricrs” and “high barriers." The 
effects of damning to othur elevations om be cvaliuted by corparison 
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Tith the -ffacts cf the barrirr heights studiat. For purpose of this 
study, it was assumed that tne tamporary daring operations very cor 
Sucted during mean mater conditions and that tack=eter pools above the 
structure mould have level water surfaces, During high miter conditions, 
eterter flooding wuld be oxp-cted tue to the inerossed water surface 
Slope upstream from the temporary dats. 


d. Effects of Sti li-water Barriers in Non-Tiaal Reaches. 


(1) Gmeral. ‘the effects of artificial flooding 
creatod ty tenporary damming operations along the non-tidal reaches 
of the Bns Siver ars summarized in Table 6, and the extent of the 
resulting inunfation is indicated on the strin maps presented as 
Plate 15. Serial numbers of sites correspord to the bridge serial 
numbers of Exhibit A. It my be observed that the flooding induced 
by the low barriers is minor and is msinly confined to increasing 
4epth in the channel and to flooding of old meander loops of tho river. 
The high barriers create larcer water obstacles fran 0.5 to 1.5 km wide, 
However, in neither case ‘5 it practical to form a continuous still- 
water barrier except during natural flood periods. Review of the 
possibilities of artificial flooding in various rvaces of tho river 
fellows, 


- (2) » Adequate raps were not 
available to permit detailed analyses of the extrem upper reaches of 
the river above Merienfeld (len 370). ‘The steep river gradiente pre- 


‘ wailing in the uppar reaches of the river (see profile on Plate 4), 


together xith the height of banke (1-2 m), intensify the difficulty of 
creating effective still-water burriers. Blocking ef bridge opmings 
at the 7 sites indicated on Plete 15, would create short isolated 
shallow still-water barriers of an average width of atcut 500 m and 
lemztin of about 1 lem in the case of low barriars, ana # width of about 
Ca lengt?: of 2 to & km for the high barriers {ses Tabis §). 

In section of the river, breaching of the surmer levees and des~ 
truction of drainage facilities during periods of above normal river 
stages would create boggy conditions in the low-lying pastures and hay— 
fields inmedintely adjacent to the river. 


(3) Crm te Misiss_iic tah The bank heights in 
this reach vary from 2.5 to 4.5 m, recessitating high barriers in 


order to create aypreciable fiocting. Damnming to lower elevations 
would create some inumiation along the nanerous old river meanders, 
Three suitable eites (Serial Nos. 59, 60, and 63) shom on Plate 15 
could be used, in the region of gemtler gradient upstream from Meine, 
to effect Mooding to average depths of atout 1m, widths of 250-400 m, 
and lengths of 1-10 ins, 


(4) Racine te Yeopen (in 282+ The river flows through 
A narrow george 5-10 m » in the section betrem fFheine ard Bentlage 
CONFIDENTIAL ) 


STCUEITY UsFORMATION 


- 16- 


4 


CONFIDENTIAL 
bd SECUEITY INFCEATION 


Weir (im 246). Bank elevations from 4.5-7.5 m above mean water stage 
prevail es far downstroam as Salzbergm (im 240). Artificial flooding 
in those reaches would not be practicable. From Sslsborgm to Listrup 
(lez 226) banks up to 10 m high are found, and any artificial fooding 
Would be confined to the beds of 51¢ maswiare. NTmmstrem of Listruy, 
the flood plain iies <-3 m above WW. Sone shaliow artificial inunda- 
tion to width of 1-2 ken, mostly confincd to the land adjecent to the 
old meanderg, wuld be, effected by creation of high barriers along that 
reach. Iscations of suitable sites are shown on Plate 15 and inform- 
tion on extent of inurtation is contained in Tadle 6. 


(5) Wepan, te Tern (k2-122, the river flows 
through a 1,5-3 ken wie ing approximately 2 m above the river 


bed, svdject to fiooding by winter floods but not nommlly covered ty 
sumer floods. In the lower part of this reach, erection of high 
barriers wuld create water obstacles with average depths of 0.5 to 
0.75 m, widths of 2-4 lm, and longths of 4-17 in as show in Teble 6 
and on Plate 15, In addition, as described in Exhibit 2, inundation 
of edjacent low-lying depressions, east of the canalised river oan be 
effected by diversion of water from the upper pools of the locks and 
dans at Huentel (Voerssen) (km 168), Duethe (len 142), and Herbrum 
(in 107), through the irrigation outlets provided at those locations, 


(6) * . the 
total water required to effect the artifiaial g deseribed in 
previous paragraphs and catei in Table 6 ard Plate 15 wuld be 
approximtely 5 million m for the low barriers or 80 millidn m for 
the high barricrs. At tho evorage natural flor of 30 m/s expectec 
during meen water conditions, complete filling of all the indicated 
flooded arees would take about 2 days for the low barriers or 31 days 
for the high barriers. Pollowing are tatulated water requirements and 
estimated filling times for various reaches: 


Water repongeamad No alee Time 
(million m) at 30 ns (days-hrs.) 
Reach High Barrier 
Source-Oreven 20h 15.6 0-22 6-0 
Oreven-Pheins 0.2 Tei oS § 217 
Rheine-“eppen 1.3 17.5 012 617 
Mappen—Herbrian 1.2 40.5 0-13 15-6 


Utilisation of the 53 m/s supplied fram outside sources to the canals 
of the basin and of the ® = llion water stored in the canal channels 
fae described in paragreph 4-G2pd) ~uld reduce the time required for f11- 
ing, contingant upon tie relative locations and elevations of the canal 
water and the still-satar barriers. 


(7) ' 
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River is Dlanked on the east by the Dorémund-Ims Canal ard the partly 
completed Sue-Seite Censl, ami on the west by the Sued-Nord Canal, 

with many Lek wee drainage aitches interconnected by other eanels 
with the Dutch wate: & (see Plates 1 and 2), On both sides of the 
Ow River, there are aes extensive areas of murshes and moors. To- 
gether with the FLFSz'y these present a considerable cumulative obstacia, 
the effactiveness ef wmich might be inerecsed by proper nation 
with still-water barriers at suitable sites ag iodicuted in nbeceding 
paragraphs. 


arsificis Fiocting Potential: tics in Fidat Res ches. 
in, the tidal reaches of the Ems River below Herbrum (ien 107), it is 
possible to inundate the extensive reclaimed tidal marsh regions tw 


various depths py breaching of lavees and dikes, operation of tide 
gates, and closing of normal drainage outlets and facilities. ‘the 
possible extent of such inundation is indicated on the Gatersl Map, 
Plate 1. The entire area is intersected? by drainace ditchss and dikes 
and lies generally below the elevation of high tide. During low tide, 
much of the ares would be uncovered, but due te poor dreinace would 
prebably be weter soaked. Detailed analysis was not mde of the fleod- 
ing possibilities in this region due to lack of adequate data as to 
elevations of the land end the elevation and location of the dike and 
deairage syaten., Reference is made to Exhibit B and to ee 

1, 3 and 4% for addi tional inform tion, 


2 Yortand-Bo 


(4) The stage in the Dortmmd-ms canal could net be 
raised appreciably, the mxizam limit being approximtely the level of 
the top of tha ork gates. Certain possibilities exist for inundation 
of adjacent low-lying areas in the inmediate vicinity of the canal by: 
‘bresching of Sha canal bmks at crossings of streems and in reaches 
where the leve of the camal water surface is higher than the surround 
ing ground. Possible locations for such operations exist along the 
portions of the canal indicated as being within exbesiments on the 
Location Plan, Pinte 2. The overlend inundation resulti.@ foom such 
diversion of water wuld be cf relatively short duration, limited by 
the storage available within the oanal ani ty the rate ef runoff of 
the water from the land into the river through natural drainage cuannels. 
Quantative evelmtion of the possicle effect has not been a in 
this report due to Limitations of essential basic data, 


. (2) In the cvent that the navigation use and the waiter 
obstacle afforded by the Dertriumd-Eus and Bns-Weser canal become non— 
critical, it might be desirable to utilize the water stored in the 
c@als to create artificiel flooding siong other streams of th: basin 
end to forestel) detrimental utilizstion by the enanmy. Breeching of 
the canal equxdoct st the Bus River end the Giane River crossings (si 
of RAY tombing during the war) would axpty approximately 13 miliion 
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into those rivers, provided the cmsl safety gates ami lock: along the 
cmial were cpened (See plates 1, 2, 7 and 10), Tha rate of outflow, 
however, would hag slow to prodnes an effective Ticsi uve. hoorext- 
mately § mi equld be discharged at the Ens Riwer croesing and 

3 rd lion — the Glane River crossing in a 48 hour period, and several 
weeks would be required to completely drein the canal. ‘he estimated 
rates of discharge resulting from breaching of the cane] squeducts at 

the fms River ani Glane River crossings follow: 


Hours after fate of Discharge (m/s) 
Rresehing Bus River Glane River 
1 100 100 
3 65 4% 

6 50 45 
12 35 2 
2% 25 § 

45 3 3 


g bad FR0OGI DE: FG 
of the Bos fiver. The ‘canal ays ten vat of the Ee fear, including 
the § ord amt Bw-Vechte Canals and the Lee and Vechte Rivers 
affore certain potentialities for artificial flooding, Locations of 
those canals are shom on Plate 1, profiles are presented on Plates 
8 and 9, and descriptions are contained in paragraph 242 and in 
Exhibit 8B. CGeambinetion of Clow diversion betwem the interconnected 
waterweys of the system, coupled with breaching of canal embankments 
anc oping of outlets would inundate an extensive area along the 
Vechte and Lee Rivers northwest of Nordhorn as indicated’on the General 
Map, Plate 1 and discussed in Exhibit B. 


4-03 VWAJOR FLOOD WAVES, 


a. No large storage Gams exist in the Bm River basin, thus 
Siistineting the presailility cf creating major flood waves by breaching 
euch dans. 


be Fleeced wives 1 to in hei ght and of about 12 hours 
duration could be create by gee destxuction of navigation locks and 
dame on the Bee River and Dortrund—Bns Canal. Reference ia mde to 
Exhibit B for detailed description ef the effect at gpecific locations. 
Locations of dams are shom on Plates 1, 2, 4, 5, 6, and 7. Successive 
progressive destruction of dans could intensify and” prelong the effec~ 
tive waves, 


4-04 STRE/ FLOW VARIATION. 
The depth and velocity of flow in the Ems River could be 


inereased or decreesed by mmipulation of the controlled outlets of 
the navigation dams, locations of which are shom on Plates 1, 2, 4, 5, 
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& and 3, The Mrited storage capacity and water supply, discussed in 
paracranh 4-Ob would hinder “the replenishment of relossed water ani 
thus limit wuilieation of cyclic flow variation. Detailed analysis 

of the effect of strean Dir warietion wes not mde in thi. stuty cue 
ts the Jack of casential data. Referencys is mada te Exhidit 5 for 
description of the effects of operatisn of the locke and dams upon 
flows in the =etermnys of the bestia. 


4-05 SIMARY, 


The artificial flooding potentialities cf the Bns River Basin 
discussed in preceding paragraphs 40] to 4-O4arehe vin summarizad. 


&. By means of temporary damming operations at suitable 
existing damsites and bridge epenings, as shown on Plate 15 and in 
Table 6 it would be possible to create inundation extesding upstream 
from those barriers for 1 to 17 lon and 0.5-4 ken wide. ithe average 
depth of overbank flooding would be from 0.5 to 1m. Except during 
hig: water periods, the resulting overbank flooding would rot presmt 
4& continuous water obstacle. ‘Tanporary cams with heights of less than 
3m atove mean water would not ¢ause appreciable overbank flooding. 
Detailed discussion appears in persgraph 4-024, 


b. Breaching of levees srd manipulation of drainsge out- 
lets would persit inundation of the low-lying reclaimed areas in the 
tidal reaches of the river, as show en Plate 1 and discussed in 
paragrarh 4-O2e. 


@. Shali<z inundation of isoleted low-lying areas could be 
accomplished by diversion of watar from the navigetion carels within 
the basin (Se Plats 2 and paragraph 4-f), 


&. Total destruction of the navigation dans on the water 
ways of the bagin wuld create flood weves 1 te 2 i high end of amresvi- 
mately 12 hours duretion (Seo peragraph 4-03 and Exhibit B). 


e. Mmipulation of the control outlets of the navigation 
structures slong tne Ems River would produce siigit veristion in depth 
and velocity of flow, as discussed in paragraph 4-04 and Exhibit B. 


f. Tre inacdeete weter supply of the Bos basin during 


periods of drought wuld limit the ertificial flooding poesibili ties. 
Detailed discussisn is contained in pexagraph 4-02d(6). 
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{ SECTION V 
EFVOCT OW MILYTARY OPERATIONS 


5-01 GATERAL, 


The purpose of this section is to assist military planning personnel 
in estimtires the relative valuo and effect of artificial floais on asso 
ciated military operations such as: bridging and ferrying, trefficability, 
ard tactical and logistical factors. The effects of artificial floods 
on rdlitary operations may vary greatly, depending uyzon the type of 
equipment involved, the tactical situation, and hydrologic conditions. 
The effects presented in this section are opinions based largely on 
discussions of the rh li®ary effects of artificial floods givm in 
Bchibit 3, a military geography document prblished by the German Amy. 


5-02 EVPFECT OF STILI-WATER BARRISRS AND DRAINAGE OBSTACIES, 


a. Reference is mde to paragraph 4-02 for discussion of the 
hytreulic features associated with formation and augnentation of water 
obstacivs by means of temporary damming end disruption of normal drainage. 


b. Bridging and ferrying operations within the backwater reaches 
above the tanporary dans would be hindered by reason of the resulting 
groater width and depth o stig. Approach trefficabliity would be 
decreased ty the shallow o wk floccing, end increased strean depths 
would hinder possibic fording of tho upper reaches of the river. ‘the 
non-continuove nature of the rosulting increased water obstacle (ss 
illustrated on Plate 15) could be camensated by planning its use ‘n 
combination with other natural obetacles and with tactical operations 
to channelize or restrict military action, The importance of the result- 
ing reduction of velocity within the backvater reaches is minimised bv 
the low norme) natura). stro: volocities show 4n paregreph 3-Cév, 


0. Continuous military support of the temporary dam installatiaos 
wuld Se necossary to prevent thelr destruction by onany grows or air 
action, Destruction of a tanporary dam »ould release a flood wave that 
would hinter crossing oparations domstream fran the structure for a 
short period avi which might cause progressive failure of otier downstres: 
Gams. 


&, Maneuveratility and trafficability over an extensive areg 
as sho=h on Plate 1, wuld be greatly hindere!d by inundation of the re- 
claimed marshland adjacent to tho tidal reaches of the Ex River below 
Rertrum (im 107) by adcenission of salt water through the dikes and by 
aisr:eGor of the nonmml drainage. 
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e, Maxiossn cffcctiveness of still-water barriers arc. dreinsge 
Daitacies would be atiained by comtinstion of srtificial Mooding with 
other raturel obstacles such as the numerois mrsiy sreas and canals. 
The careful selection of the most advantagoous flooding locations is 
imperetive in oréer to get the mximer: dbarefit from the limited supply 
af cater normlly available for flooding purposes (Sce Plates 1, 3 and 15). 


5-03 EFYSCT OF MAJOR Fiiva GAVES. 


a, Roference is made to paragraph 4-03 and Exhibit B for dis— 
cussion of the hydreulic features associated with creation of major Mood 
waves ty means of destruction of ex! sting locks ‘nd dams along tie Ens 
Rivor and Dortexund-Rns Cmal. 


b. Destruction of the navigation structares would create flood 
waves of up to 12 heurs duration, and heights of 1 to 2m, that wuld 
disrupt navigation, eliminate pover supply °f milis and industries, 
possioly darmmge cr desizoy downstrean dams, create some local irz.:mdation, 
4nterfere with stream crossing operations and ermlanger floating equip- 
age end floating briages in the sections of the strean domstroam fran 
the destzoyed installation. PRefcremce is mde to Exhibit B for detailed 
description of the remlting danages that right be incurred by destruction 
of specific dams, <nd to Plates 1, 2, 4, 5, 6 and 7 for locations of 
structures. 


5-04 EFVECT OF STREAM FLOY VARIATION. 


ae Reference is made to paragraph 4-04 and Exhibit B for 
discussion of the hydrenlic effects associated with stream flow varia- 
tion ‘yw moans of manipulation of the discharge cortrol oublets of the 
rmavigation dans on the Ems River and Dortaund-Bus Canal, locations of 
which appear on Plates 1, 2, 4, 5, 6 and 7. 


be Detrimental stream flow variation would result from 
ing md cioging of the movable gaics and other om trolled outicts of 
the navigation dans. Suid@. opening would disrupt navigation by in- 
creasing stages domstream and decreasing stages upstream from the dam, 
Gisrupt powr supply of nulls ad industrics, create moderately large 
wares wist would ceuse sam loca) inuriation, endanger dowmstream dar 
structures, interfere witt. strean crossing operations and endanger float- 
ing equipage dowstroan from the sudden discharge. Suddm closing wuld 
have lose effoct upon navigation ami porwr, ‘1% would hinder rilitary ' 
crossing operation by the associated lowering of downstream stayos, and 
yaiging of upstream stages. Mamipulation of the control gates to creste 
ertifietal cyclic oscillating waves wuld incroase the value of the 
streams as a military obstacle by the action upon military floating ‘ 
bridging and ferrying operations. The limited water storage capacity of 
the das and the Lirdted apply of water for replenishment of the 
depleted storage wuld limit the axtmt and frequenc of cyclic varistims, 
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. Ce. Deliberate destruction of upstream navigation or mill 

Gans or ticir control gates wuld inmre against their utilization by : 
thea m@y to produce flood waves or detrimental flow variations to 

interfere with military operations at a later critical period. 


5-05 2ZFFYEOS RELATED TO OTKER RIVER BASINS, 


Creation of artificial Mlooding in the Bo River Basin could 
bs coordinated with similar operations on other river basins to creete 
sismitaneons or progressive water obstacles, References is mde to 
reports of artificial floating possibilities on the Rhine River, Danube 
River, Weser Rivor, and Aller and Leine Rivers listed as References 
16 to 20, inclusive, in the Bibliography of this report, 
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EquivGent English-ietric Terms 

itdrologic Terme and Abtrevintions 

Surmary of Gage Data, Bas River (Non-Tidal Reaches) 
Summery of dage Data, Eas River (Tidal Reaches) 
Discharge Data, Ras Kiver 


Inmumiation Effect of Still water Barriers 
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EXHISIT 2 


AsD CONTROL ST: C7 iRES® 


Page 
The Zue xiver ne 
Dertound-Bas Canal 5 
Ems River, left Side Canals at 


eabvetracted ani Translated fram "Stramgebiet der Weser um Ens, 
Eirwirkiung auf der Wasserfistrung’ (River Basins of the Neser 
ard Ene, Influence of Plow). Kilitary Geography (*Nil—deo* ) 


Training Manual H, Dv, g. 338, Oereral Staff of Ocrman Arn, 
Section 9, Berlin, 1937. 


“4 


I. Descrictien of the watercourse, 
SO a eS 
Lilometering beginge 
1, At the soures (Reeve Lhof Senne) 


2. At Greven, cn the Sshoenefileth Dan 
(Greven eax ehr @choenef lieth) 
(deginning of the official kilometering) 


5. At Meppveneoppe Lock (Leppen-Koppelschiouse) 
(official river-kilometering in the lower ccurse 
and tidel eres} 


Kavigation begins at Greven (river-km 0.0) up te river-km 71.28, 
for veaseis of 80eton capacity, from there up to HanekenZachr (river=in 
84.4) at 1%, for ships up to 1iQeton capacity. For further information 
wee "DortmundePms Canal.” 


Tre river is often covered with fos up to 30 om thick in wine 
ter; in many winters, oniy ground ice 1s formol, Navigation is dise 
Soutinued on the average of 27 days each yoar due to ice and high water. 

the drainage area of the Ems to Fapenburg i 
this, the Hase River, the larzeat Ene SPEDOL Se {ses 
tributes 3,126 km", and Gragee 28 River 920 kn“, 


23256 s 
*Hasé iver"), oon- 


The precipitation from-Jemuary 1925-1935 averaged 743 mn (mean 
average for Germany 690 mm, in Forth German plains 600 mm). =iiich equals 
7,430 m® of rain per hectarée The yearly precipitetion in the 347, 000.. 
taotare area of the Hheine District squals, therefore, 347,000 x 7,430 
equals 2,780 sil. m5 which is 25 percent of th» total precipitation in 
the Bas R. basin. Out of this flow, 1,047 mil. m> equals 38 percent, 
flows into the Ems, and the remaining 6¢ percent is lost in seepece. 
Even though summer precipitation of 431 mm exceeds by 40 percent the 
winter previ pitetion of 3lam, the discharge wolume during aummor ie 
only 1/5 of the winter vwolure, so that winter hich water and flooding 
are considerably greater then sumer high water. 


«IO date, the highest winter high water .in the Ems ("ov. 1890) 
was 460 m’/s, in the Hase at oralaxa, 18 B76 (Jan. 1926). 

The difference in elevation in the stages botween 7 and HHA 
emcunted at Rioine to 7.4 my in the Ease at Eerzlake to 4.6 2. 


The river is fordable only on the navigable reeches et *7, 
partiy so at EX, Beceuts Of moving sand and orumbling banks, regularly 
used fording pleces ere fixed, 


iver flats (trizuen) sre sleays paszable for heraes and netor 
pepe ER ea 
sniciss. 


Riwer bad fe fine sande 


Banks: Upper course (up to Fheins) slopes evenly, 1.5 to 2, with 
the banka rislee up oyeF over the surrounding lend. Kiddle courss (up to 
lepjen). ith the exception of the reach from River-kz 0.0 to 72.27, 
where the banks are moetly ateep, the valiey is flat and wide. Lower 
surae (up to Fapenburg-Halte) partly falling, partly sloping (175 to 
4 Ke 
Beginning at derbrum, the rivor is. tidale 


Depthss 0.851.365 = in upper course (excluding dams of 2.1-2.2 2) 
2,1-3,3 m in middle course 
5 --i0 m in lewer course, below Fapenburg (beginning of Falte) 
and in the tidal reaches 


Weter~level widths 10.6-30.0 g§ im the upper and aiddle courses; 49-120 
m average in tho lower course below Paoenburg and in tidal reach. 


Tributer! sa, 


l. In uppe: course 


a. werse (north of iuonster) waterelewel width at }°7 408 m: 
in some plecs= the s111 ponds are 46 m wide and 2-5 wi deep. 


b. Muenstersche As (ica 1.3) 

QO. Temaingemuehlenburg {im 5.48) 

d. Glane (Km 16.63) 

e. Bms-Dattelner-tuchlenteich (Km 27.34) 
fe Hamolter Sach (Km 65.18) 


Theee streazs have a benk width of Z m, mostly steep, and in reaches 
are cut in up te § a. 


2, _iddie course 
a. Haze (seme as ebove) 
b. Grosse Aa (8 = wide) 
Ge Salinenkenal (Kn 61,16) cut {n 4m deep 


PSTRI ICT ; ED 


3s pewter course 


AG Haren, the Hares-RuetonbroekeSEnal. branches off, it connects 
by means of the Nord-Sued-Fanal along the Holland border, with the ime 
Vechts-Fanal and the Helland naviration canals. 

Continuous dikes exist oni’ in the tidal recion, 

Dikes exist with creats above Mood level, 
lie Peacetime regulation and utilization of the flow. 

There arz no valley dans. 

Control structures: 


@, In the upper courge up te Rheine.(Rivar~kn 46.6) 
there are 15 control structures without. significance, 


be in the pidile courge up to Hanekenfachr (River-lan 
84.75) thera are 4 cuntrol structures as follows: 


River 
Ja. 
i. cms sir (imswehr}) and Upper Look 
_ (Obenschleus2) Rheine (iiap od 59, 
2, Lowsr Lock (Uuterschleuse) ibeine 
(Map tio. 59, Cbje Noe 126} A765 
3. Bentlace Look (leap Ho. 59, Obj. 
Ko. 127) 53.7 


be Ems Yeir (Sasvenr) and Lock, 
Listrup (kap Ko. 59, Obj. Ne. 128) 12.9 


Lowering the water sta.e resulte in prevent. navigation and 
stopping industriel works (miiis and textile factories), ctheriisa 
without significance, 


o In the lowr courpe the weirs serve the locks on the 
Dorteund-See-ienal (see "Dorteund-ine-Kanal"), ss 
follows: 


1. Hanexenfaehr iatr (TFahr) Kidde ccursa 


(dap Fo. $8, Obi. Now 32) réivermkn 84.75 
&  Vsracsh Sear (Xehr} Lower course 
(Urp No. 58, Od}. No. 132 Rverlas 10.709 
3. Kilter Weir (Sehr) Lower ccurss 
(Map No. 46, Obs. Ko, 72b} Riverke 30,39 
4. Duethe Yeir (Tenr, Lowar cours 
(Mep No, 46, Ob4. No. 47) Roysreke 6001.55 
Se Bollingerfashr Neir (Rehr) Lower course 
(Map No. 46, Obj. No. 64) River-km 41.1 
6. Herbrus seir (Wehr) Lymr course 
(Wap No. 46, OBJ. Now 60) River-kn 70.438 


All without significance. 


- ‘The fms-Vechto-Kanal takes trom the Weser R, about 2,2 m/s 
of water for navigation snd irrigation, =nich is returno? to the Ems 
by mears of ths Karsn-Rueterbrock—Kanal. 


ill. Warfare changes in the flow. 


¥ By damming the weirs and blocking the bricge openings, the 
velloy roaches in the yuppsr courge can be Plocded. 


In tho mid“he courses, blecking tho tridges would csuse a cor 
tinuous, artificial water depth of 1.8 mo. “cra. 
On the Ens Paperburg, there are no control structures, 80 
that artificial ragulstion of the flow in this valley ia not pessibla. 


Tie sumer dixes between Herbrur and Papenourg have, busides 
cutlet structurus (sluice gates and hinzed gates that tum for high 
watur stagss) aleo back—wash gatas, ard can hold water back in reclained 
land for irrigation or flooding purpcsus, If tho cutlet works are 
completely closed, reclaimed land can ba drowned out and large valley 
arvas flooded or swamped (sev General Map), The duration of the Mooding 
depends on thy westher. 


Th tidal seotions, it is possible to kuep open tho sluice and 
tide gates during high tide ard to close tho gates during low tide to 
retain miter, which will flood ruclairod land. 


~ By the opening or blasting of a lock or w weir, 3 ficod =svu 
vomld be generated, lasting for 24 hours, which would temsoririly over 
flow tho next wuir, and ctuss cavication ts be stoppod ahov, and undanger 
1% temporarily dalow, 
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TORIMOD-EIS CANAL 


Te Regcrimiice of we Naterqogree. 
ry Rint of the kiloastering is at Dortand. 


Up to northwest of Gloesen (Canal—tee 329,32) ths csamail is 
artificially built up; for a length of about 17 km ehow Hanekenfashr 
Weir (2ivar-las 84.75, Map Ko. 58, Obj. Ho. 42) water impounded on the 
Exes R. is needs after 25 ka Seitenkanal (tuild up Yaneke: Fen2i°) 
ton Mowe to River-an 154.8 into Nase R. and for GOO ma (from above 
tne mouth), together with ‘his tributary, inte the Eas R. from Meppen 
t> the mouth $5 tae Emde. river harbor (River-km 269.1), the Bae R. is 
built up to the Dortaumd-iine Canal, 


Ca the canalised Ems R. between Meppen and Hertrua, there 
are locks in the canal cut-offs adjacent to weirs (Weave) on the loops 
of the Ras R. chamel. 


Pros Dortaund to the branondag of the bus-Teser Canal 


(i ttelland Kemal) at ka 359 only 2 hydraulic structures exists 
Wap . Obj. 
Mon - Hos tam Sma 
1) & 334 Henrichenburg Bost Elevator 
(SchLf fevedewerk } 15.3 
2 335d Henrichenburg High-lift Lock 
(Schach e 14.95 
2) 71 146 Muenster 1M, Locks (3) 
a=0 (Sehiausengruppe ) T1345 


Yrou Buturgern up to the junction with the Bus R. at Canal 
bon 165.6, thers are 9 hydzamlic stmetures: 


Map Od3- 
3 # a? Bevergern Barge Look 
(Schlepptugschleuse ) 109.3 
4) # 220 Rodde Berges Look 12,5 
5) # 20e Altenrheine Barge Lock 117.9 
6) #99 bi 3 Yerhans Barge Lock 126.6 . 
7) # 195 Hessolte Barge Lock 13425 
8) 56 338 = Gleeeen Barge Lock 137.9 
9) 58 33d 0leesen Seali sock (Kleine Schevse) 138.0 
10) 8 20 Verloh 014 & New looks 158.2 
nun) #% w Téeglicgen 014 & New locks 164.0 
22) «58 16 Meppen Cld & New tovks 165.6 


oOrccrsinre 
i ae itvig ! ED 


“» AN 


vecidar these, there 277 locks fir the cirst dort emd-fs 
Cwal ip tian wtr old looks: 


Kap Od>, 

oS * aes we 
33). 8 230 Borgeshoewode Small Lock 20346 
%) 22% Beverrern Small [ek 105 27 


are combined is‘. sas bydralio lift, and tie 5 locks of the old 
HaneksneSanal with the old Seeete Lock (Van %>, $8, bd. Ho. 22} 
and Neppen Donole Lock (Koprelsehlense) (Map No. 58, Obj. tio. 116) 
are both outeide the navigable waterway. 


The Ganalised Ems nas 5 hydraulic lifts, with 70 = to*al 
drop, 389 £2) lowss ; 


ap Obje 
15) 4b 758 Buepted. Old Lock 1756 
wa) & 750 Huentel New Look 175.6 
17} 46 728 Hilter Lonk 187.5 
18) 46 67 Duethe Lock 19.7 
19) 46 64 Bollingerfaehr Lock 207.7 
@) 46 60 Herbrum Lock 214.3 


In addition there are two locks at Kanekenfaebrs 


Mep = OS. jou ‘aa 
NU os Oe 
a) 8 42 Harekenfsehr Kew Guard Lock 140 4 
(Sperrschlcass} 
2) $8 <> Haneenfadhr 034 fiers Sock 195505 


The OldorsuaEarien Side Canal (Sei tenkans, )(Canal-Ka 
260 2-05.20) 2~ Jl a wide and 2,5 m deep and has 2 contro) struct:res: 


Yep Obj. 

Nae = ke Came. Dis 
2%) 3ab ie ldersun Sea Lock (Seevchleuse) - 
24) Fda 195 Boretun Sea Look 


At full opening of the Boresua Sea Lock (Seeschleuse), the 
na>bor water flows ir tise canal; st full openirge of ths Oldersun Sea 
Lock, Gigs. aa ios: *ide car pass wihirdered and over flow the inland, 
resulting in +simge to cultivated fleld, 


~ fr 
- 


\ 
a 


R BOS HEM 4 PROSE at Te 


i 


Fetsner, Dertmind and sergeshoevede (in 1927) tne cane] was 
being widened mic cespor*e2 end one pank or the other relaforced by sheet 
piticgs, 4 wr abowe the river te’, ex ir 1937, the folicwine rsacies 
ha¢ beer reinforced; dom 1,46-9.5 (lett Denk), be 18,8-£1.05 (beth banks}, 
and wm 91.8-101.5 (ieft bank). Purtner information on the structures 
or the sheot pliing oen be fom? on the gorersl map, 


Second routee km 21.06«20.8 at OClfen, ior €9,4-509,8 2¢ 
Sonden, km 65,6-56.9 at Arclebusren and km 198.6-109.7 fro Sergoshoevede 
Lock (Sohieuse) up to Bergoshoevede 8mll Lock (kleine Sceieieet 


Beek cursents exist cnty st loses. 


The canal ie navigable, with excuption of infrequent iow 
blocking, for weasels of 67 w longth, 8.2 m wide, and draft of 2.0 a 
(780 tone). After enlsecement is complete: length 60 », width 9.5 a, 
dreft co6 nm (1£00 tors:, 


Canal bed, sunsists of samd or iocam; some places of clay 
or, at Riesondeok (in 105.7-106.4), of limesti.. 


Banks are sloped, protected by stone packing or fillinz, 
excopt on reaches with shoot piling (sce gonoral mp). In limeetom 
renohes, tho banks are 9 m high. 


Tow-peths are oontinuosus on both s idos, 


Valley flats (falauen}: In tho Dortmund arse and further 
to Dattelp, tho valloy is mostly industrielissd, ctherwiso the land is 
agrioultural. Tncy are cacesadle for horses and motor vehicles. There 
aro many Willow trocs anf ditches. 


Tho stream crossing the canon aro ¢ 


1) et iw 10.8 = Cahimuchiandech, cut fn Covely 

2) at ice 1906 = Mouth of the Dette ln-Hace Cane) 

3) at Km 21.3 + Mouth of the Wesel-dattoln Canal 

4) orttwerd from there, tla oenal crostos over tho Lippo Valley vy 
weens of a high earth dam an? sonal bridgo, the some way over tho 
Stover Valloy. At this pleco, a scomd rote (Pahrt) etout 10 ian 
long fe boing built ot Olfon. Each of both routes ocn ho shut off 
by guard gatos om the upper and lowor onds. 

6) et lm 43.4 © Kleutern ch 

6) at Xm 43.6 - Nonnenbea ch 

7T) at im 46.2 © Stover (again) 

6) at im 60.9 = Offentach 

9) at km 86.4 + Gitturmoh 


10) +t mm 87 = below huonstor th: enna) crosses the Bss VW: lloy in 
2 routes, dy dem arf by canal tridgo 
11) at im 15.6 - 2 side onal to Horne branches off 
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~ VATION 


iI, Pescotizre %& guintion end Vtiliretion of the Fl-w, 


To roplies the wreer lost by iQeke, s.cpage, and cwaporsticn, 
Fepiorishing of the cane] is :<coee-ry, 


The larol pool 0.°-15.3 is fod out of the lower witcr through 
. pumping plent Yoontod on th aide of th high-lift look mt tho ehfp 
lock «.¢ HenpichondDurg. FExoees water atter intense rainfcll gost nese 
the boct clewator (Schiffshovcwerk) through o relie? etructure which 

say bo used to cepty the pool st the seme tim tate the lower lowel pool. 


Tho lovel pool 16.35071.8 fe fed through tho Dattc IneirmmeKancl, 
whioh, in turn, rocelwos anter cut cf tm “Lippe ct Hmm In adtition 
the pocl t2 feds 


1) through 2 pumping f)-nt «t the Mucnster Lock (‘m 71.5) out of 

the lower weter, whioh, in turn, is fed from cho Weser R, froma 
pumping plont tx Méisten 

2} throzsgh 2 p-seping plant on tho Wesel-Octtein Kenel from th: Rhein R. 
through o pumping plant at Olfen (Ia 25.6) fron the Lippe k. 


W.ter corsumptice. cf this pecl is l0-l2 m 3/8. 


The following rciiof struotures serve for lovoring th. 
water st.gos 


1) Safety gets ¢ the erm i bridge over tho Ems R, (ke 78,9) 
2) At the canel oracge over the Eee \eceond wy) 
3) Bam (Weh=> on Che Ree k, 


The following qunatitics of water cut of the canal aro 
deliverods . 


1) about 4.4 sil. 25 per yxnr for the drinking wetor supply plant 
for tne oaty oF Sacnster, 1:3; 

2) 25,000 m® por day for the olty elecetrio works of Muenster, 1.7%, 
for ccoling purposes 

2) 70,000 m° por year to “Voroinigte Asboe+ Dance-Wetzcl],” Dortmund, 

for eooling ani trestmont surpee)ce 
4) 800,000 m3 por year to Lortmmd ‘Mill Works (Muchlomwerke)" A.C. 
for cooling 


Tao wost dam of the sidc ocnal betwoon Hanekenfachr md 
Moppen has outlets which scrve for the irrigrtion of the meadows and 
lowlands betwoon tho sido onnal (Scitenkanel) end tho Ems R, (inundctio 
poseidle) and for facing of 600 Morgon (1 Worgen cquels 2,12 ccroe) 
of fieh ponds, 
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Setow Fs a 


Bd Ceretes om the toe wre cf he ke 
foe thes trrvystivm oF vit Vets E: 
(lnowGeeion cms... 

2) Sutlot cnt s4n/ex yee sour, 
(with Nigh wise. coe CAR fF 
the bhies Pras Ue Hi} 


S) Ge the right ‘sac of ths fee's f ts 
inlet for iin eerer ia tm M7 sib -3)e 
poseitis). 


II. Barsape Ceaser de tit! 


Th. Semana Swyd ra ot: 
the offwot cf zhioh ic ipwiwsef Oboe. ae 
cetaforecs iis, Wee wetiw sR 6 7 he 4 


the leek grtn. “te simtmsto eff s - es 
the flew thrown UA ener fai! = ra Voces 
dooation ef tiv fro fav Murwete: red Sphete 


ES qv. vor apt ig 


3 Closing a We Om Facdiliey is‘ Be ge ERS 
2 Opening vi whe ee} non imyrt: Bong ee 


Shdeauwre 3 de ome cate Naa 
at eertain Ye Ailes, { 


Ths syp'g sar tiae| lf. ret 

Snolading tm ce. (ed. amo’ te * ‘97 : 
the energires . 94 (0848 poohso se: MER 
Shortening Cf “As wagiying Yir: $ 
ehatmsis of SW isrk 44; Panne” Saget 
Weser Cazin}. oi Lek ¢iI 5 - ; Hae oF 
eanel pore, 86 sue ts The) “2 PaO a tee 2 
opening We lour Sp wie as %: 
the watery stage 4% swelop. b wf 
ge tete 


B45) oe “a 
WRvignstns ol cz 
in Geetiian fs sm 


Boe cen. 
Macaster sicwes +: 
cmt the Siete ter. 
@esclit.ce C4 
shinppie., te eon hs 


egGeacre) ap reference 


323. we. 


3% 


? 


t 


Cestrel atroc ture 
(temo & Purpoce) 


ommnges wer ae 


Beartcheudurg Fign- 
Lift Lnek (Semact- 


schleuse} 


Savigstion 18 case) 
pee) ta 0.0-16.95 


Mourtcaenturg deat 
Blevater ‘Suntff- 


a ebwees ty 


Bavtgaties te the 


ease: pesi ke 
0.0235.3 


aes i ee o 
| @. Backwater Zsiest @. Seadvaie, S3st. |a. Lace 
@. Teiisster Bier. : 3. tne 


4 
ge. weasenry ieck with water- 


; >. Pest wieta 
Q 


a. 1,080 ka 
’. We 

@. Gag. 3 io} 
4. 69 .By | 
@. 4.15 afm 


4. &.89 om 
e. 4.15 af 


Posi Data 
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eee eee eee eetien ey BERRY Acres | 


- poa. . 


tack 6 Das dete 


eavias besis. “hander 
langth 9S a. Casebter aad 
gmte vidth 10 a 


c. Reetwey 7.5 a (heavy 


vediclee). Valiway 
22k.5 @. iwas-eteas 
reller, 2% tea, 


WALES wiles § fleate. 
Stee) construction. Treuga 
jangth 68 ea. Treugh aad gate 


. Beadway © w (ceavy vebicle:) 


Walkway 220.4 oa. 


e. 

®. pe trass 
rare ay 
(im 13./ 
‘a eafe 
1.39 @ 
tt 0.0. 
Devpetr 
epesiag 
ately : 
weuld bt 
signifi 
water's 

c. at a)ie 
reuted 
ricaesat 
ter (Se 
At dIw 
Werke 
lag we 


a. wa theu 

v.<-e. Sas 
(free 
Bort 2. 
Rigs « 
(set» 
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OL STRSTR 


DRSCRIPTICK CF Ce 


eee 


Pee 
je. a. Backwater kxteat 4. deaduater Blev. 
Peel vieta e. Mmilwter Biev. 


a POL 


a ET Ee : 
Ge $6.3 im ce the Derteuné-Bas cane) 
3) em om the Berse Bramch Caaal 


4 *U cm ee tne Lippe Canal. 
Da tte ls-Fage, 
vee 6. 56.15 a BE 
te e. 56 ap BY 


5 Same ac Leck 2 Mueseter 


” 


1 Sase a8 soeve 


Ce 


&. 


leck & Dae tm Date 
Leck 


& ny Y | 


= 


saeeary sterage leek 
(Sperecaleuse). Chander 
lengta 165 8. “hamber aad 
gate width 10 a. 

Readwey 3.5 w (lignt 
veuicsies). 

Velkway 250.5 a. 
Ceacentreted lead 10 teas, 
400 kg/ 


Mmeeoary, leag-tew ba’ -s 
(Senleppsug-Spareehle..8) 
eck with water-aterage 
desis. Chaaber length 
226 gs. Shasrer aad gate 
width l? a. 


- Readway 3.5 @ (light 


vehicles). 

Welewer 220.5 « 

Cless Il, 10-tes, 800 
Kg/w* concentrated lead. 


masonry, water-seterage 
weasin. Chamber length 
67 a. Caamber and gate 
wiéth 8.6 ao. 


- Beedvay aad walkway sane 


oe steve. 


i 


Jer tausé-Res Canal 
p2ef 9 pp 


Dperaticn BYfects 
a. i Clesere 
>. Pull Opesiag 


Ae 


a. Without faflvuesce. 

be Upetreap: Cane) peel 
ruse eapt, up te 
eafety gste at am 
29.097 er 21.585, 
Pailere sf the aafa- 
ty gate vould oapty 
peel up te km 15.3, 
iecludiag the braach 
canal te Herae & 
Tippe Caasis. 
Devasireasg: At cuddes 
opening eof the gate, 
asderately large 
flend wave veuld be 
created. The effect 
could de iacrsased by 
Simaltaneous epesing 
ef lecks 1 aad 3. 


é.~@. Same ee Leck 2 
Muenster. 


a.-c. Sane as adere. 


Reomrks 


Raniruction. An easy way 
fe Urengh the =pper er 
lewer gate, Yavigation 
would net be stepped; 
only by simltenceus 
shutting eff of lecks 

1 and 3 fa Meneter. 
Destruction ef the upper 
and lewer gates; eapty=- 
tag ef the casal pee) aad 
stepping ef savigation. 
Deetrustion ef the water- 
eaving dbesia will est 
elininate the utility ef 
the leek. 


: Same ae Leek 


Deetruction 
2 wwoaster. 


Desir tien: See ac Leck 
2 noone ter. 


RESTRICTED 


SECURITY iNFORMATION 


= 


aa ont ay : ce 
RESTRICTED 
SECU-} O43 710N 
Des toweg- Pog Cose) {(Seyvssce Levnetrees) wes 7 SBSSRIPT ICR CP TOSTECL SHB H 
Peel Lets , deck & Dam Date 
location ° ceestrel Structure a. Backweter Ertest ¢. Eeadwater Elev. a. Leck 


Bet 
»7 ka 


ix 


Generel anp refsreace 


(Heme & Purpose; 


Dorgechecveds Senll 
isak {fistas Schieuse; 
Bavigst’-s 


bevergera Leug- vou 
Barge Leck 

{ Sehloppragech levee ) 
Bavigaticsa 


Bevergera Senil Leck 
(Bisize Senhlevee) 
Savign ties 


OO a SF tO REE AON AD Ret 


d. 


ce. 


. 
a. 


&. 
e. 
a. 
@. 


Peel Vieth e. 


rae 


Z 
C 
dea. }-*. 


- 27.0 xa 


17% .% kop in Baw-Veoer Caan 
Mr Be .25 ® 

mr. 3.2 8B 

50.0 af BD 

wie? af SE 


Tal iwaier Flev.. >. Des 
Cc. Prifagvey 


a. Maseury leck chander with 
{rec miter gate. Chaar; 
ierets UT @. Cheats; end 
gate width &.6 a. 

¢. Reudway &.5 a. 

Ciease II%, 10 tena. 


a. Meear)y, vater-eterage 
taaia. Upper gate: ires 
hiege gate. Lewer gate: 
fren alter gate. Chanber 
lenges 365 9. Chamber and 
gete width 10 a. 

e. Readvey 5 w (heavy 
vehicles) 

Yailkway 2x1 gw, Clase 115, 
26 tene. 


a. Masenry leck chaaber with 
fren siter gete. Chamber 
length 67? m. Chester and 
ete width 8.6 a. 

ec. Beadway 1.5 a. 
(pedestrian) 

Schraamberé 220.35 a. 


7 


ber swend-Jat Ceasi 


p jeff? pp 


ties Effecte | 


- Poll Clesure 


a. Little 
SS. Ceset > 


Twas Sr> ie 
entire reach upstream 
whens the guard g2tse ere 
eat lected. Dewnetrean, 
vy eudden epenisg (dias 
fag), @ streng wave fe 
ereeted. 

c. The Bevergera Littie 
Leck (kleine echleuee) 
asd the eide dams ef the 
canal weuld be fSleeded 
by the cleeure ef the 
abdeve gates. Bevergener 
Lowlands (Wiederung) 
would be fieeded and 
eavigaties stepped. 


a.-e. Same as abeve. 
te c. Pleeding ef Reddo 
Leek sad the casai side 
dane (Seitendsenme). 


a. Ceoaditioss enchaaged. 

d. Canal deé faile. 

e. Bedde Leck ant Oats 
wenld be fleeded. 


; Mavign- 
tloea % Geceetss ak 
Baden would step. 
Cel. Ge. Ya case of 
war, @ seedle vaste 
eheuld be isatalled. 


Destrvetion: Same 
ae abdeve. 


Destruction. tavign- 
tien of oped between 
Bergeshes vete and 
Eades. 

$e Se. In event of 
war, isetell seedle 
valve. 
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BRESLRIMAED Derteuad-Eme Canal 
SECUSH? FOS MATIC: p& ef 9 wp 
if” wece Devsestresn) x DRSTELEPION CP CCNTRCL STPIET RES 
Peel Date : lerk & Dem Date Operetion Effecte 
. backwater Bxtest ¢. Headweter Elev. a. ick Pall Closure 
v. Fool width @. Teiiwater Bliv. db. Das i Mall Opening | Reuarks 
nes Fie y 2 i. | Si ______.9-_ Bridgeway ates ® 
eran Eee & Ete: SS Pe ne 
@. 3.002 kn &. Mmseesry leck chanbder. @. Wese. 
’ Ws Upper gete: fires biage &. By Siastiag the gate is 
e. Mr. Ja gate. Lewer gate ires the lewer gute the Altea 
4. 1.70 af mB aiter gate. chaaber heine Leck weuld de fleed- 
©. 37.K af DB length 168 e#, Chanter ed. = 
aad gate views 10 a. c. Vor éefenne, needle valve 
c. Readway 4. o (heovy ebeula be iostal ies. ' 
vehicies). Claes III, 
20 teas. 


Adsaurheiae za Altearheine Leag-ter a. 5.176 ha a. Maseary leck chaabder. a.-c. Sase ae abeve. 4 
337.9 ke Barge Leek ®% He Upper gate: iren binge Pieeds Venheus Leck. ; § 
(Schleppsugechleuse) c. ax 3 a. cate. Lower geite. iren * 

Mavigaties 4. 37.90 afm aiter gate. Chasber x 

eo. %.30 of Ri length 165 a. Chander 


end gate width 10 a. 

@. Readway 4.11 w (heavy 
vehicies). Claes III, 
10 tene. 


A peers oe 
v S 


about 3 ke Venhave Lenag~ tev eo. 8.55) kn a. Maseary leck, chaaber. a.cc. Saas se abeve. 
Be of Barge Leck d». Wa Upper gate: ires binge Pieeds Heecelte Leek, 
as (Sechleppsugectieuse) «. mx. 3 & gate. Lever gate. iren 
= mavigntiea a. Fr. ap eD miter gate. Chaaber 
e. 30.60 aft length 165 ms. Chasber 


and gate vidth 10 a. 
c. Readwey &.)1 a (heavy 
vehiciee). Cleese t3!, 


Weber ks MARTA, See dei~aiae, i esd SAE 8 09 


30 tens. 
Adout 2 im Beeeeite Leng-tev a. 7.626 ke a. Macoary Leck chamber. a.-c. Same ae abeve 
pu of Barges Leck ’®% Ya Upper gate: iren biage Pleede Gleeson Leck. 
(SchleppeucecBleuse) c. mz. 3 © qate. Lever gate iren 
LH.$ Ravigetion @. 30.86 af BD aiter gate. Chasber 
@. 27.4% af BB lergtc 165 ». Chamber 


aad gate wieth 10 a. 

c. Reedway 4.11 wo (Reavy 
webic.ee). Claee 111, pee 
30 tene. j 


eee 
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Location ‘Meet Bo. | 
bate km | (OR). Me. | 


ws * 


mm of 


@eaerel app reference 


Centre) Strosture 


{Nawe & Purpese) 


Gleeseen Leng-tew 
Barge Leck 


(Sch levpenugech lense) 


bev igsties 


Gleeeseen sanil ieck 


(Kleine seb.leuse ) 
Bavignties 


Sanekeefeehr O14 
OuardeLeck (Alte 
Sperrechieuse) 
Mavigatios 


Rasekeafashr New 

Guara-lLeck (Seue 

Sperrechieuse) 
Mervigatiea 


as ” Backwater Extest 
db. Peel ¢idth 


SECURITY 1 


eee =~ 


a. 3.436 xe 
bv. 30a 

¢. max. 3B 
qd. 27,06 mfon 
@, 22.57 asbB 


a. 2.4 ke . 
12.4% ew ic. the Bas River 
do. 42 a 
@. az, 3.14 8 
G. 21.57229.65 mpi 
@e é3057 af BB 


Same a6 aveve 


TOT RE aes ee oe 


= 


_ DESCRIPTION CP COWPRCL STRINTINGS 


@. Headwater Elev. a. ! leck 


e. Tailwater Blev. 


git io ee Se 


Leck 4& Dam Data 


d. Des 
- Bri 


re ee eh eee se 


a. Masonry leck chasbder. 


Upper gate: irec hinge 
gute. lewer guts: iron 
gwiter gente. Chander 
length 165 a. Chasbder 
and gate width 10 a. 

c. Readway 4.15 mw (heavy 
wehicies). Clase III, 
10 tene. i 


a. Maceary, sterage chaaber, 


with iren aiter gates. 
Chamber length 67 w. 
Chamber and gate width 
8.6 a. 

c. Reatdway ~.}+ m ‘heavy 
vehicles). Class I13, 
10 teas. 


a. Leck with ansenry head 
and sleping side walle. 
Cnambder leagth 45 a, 
width 6.1] =. Gata width 
5.96 

e. Walkway 4 a. 


a. Macenary head and 
sleping side walie,. 
Chamber length 165 es. 
Chsmder and gate width 
10 ». 

e. Walkway 1.2 a. 


. Yuli sana 
c. Asseciat 


a. Rene 


Dertacerd-ius 
piety, PP 


wee eee eS 


__Operatien Birecte te 


uit Clesure 


>. Downstream: Blacting 


eF tie gate creates a 
wave waich rune eut in 
the Bus FR. 


e. Navigatien veu.d step. 


Bus River veuld riee. 
Needle valves shenld 
be inetalled. 


a.-c. Same ag abdeve. 


&, Little significance 
dD. At MW and MY, nene. 


At HW in the Eas River, 
the peel frem Hanekea-~ 
faehr te Verleh is 
raised. 


c. At HW in the Eme River 


and hleatias af the gatee. 


a wave abeut 1 so high 
weuld be created, endan- 
geriug navigaties, 1s; 
dating seme land, and 
aay cause some dare te 
break. 


a.-c. Same as abdeve. 


Caral 


Results , 


oe dn ee 


Navigation can 77-5 Re 
sercteod theeughn 


G ‘teesen emsll leck 


(Kleine Schleuse), 


Same as abdeve. 
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Sea hy mtn fa 
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' At Qeaste 
f BR Station 
| 155.42 ke 
' 


~ 


Ror iamet-kee Conel | vequesce 


iscaties ‘speos Be. 
River ka Cbd). de. 
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SECUSITY "NFOR MATION 
waetrses DECKREPTICD oF CobTku 3 At PuRbS oe 
Pee Dete Leck S Jas Date 


Ceatrei sirweture 
(Rem & Purpese) 


a. Backwater Asteat 4. Heedwater hlev. a. Leck 
>. Peel widen @. Tailwater Slev. (bd. Dae 


aes ----=4 Peek Dogve des Bridgeway 8 : 
eee a ie FS a Se a ee ee ee 
Coecete 014 ivek a. 17.0 me a. Mmeenry eterage leck. 
(Alte Schleuse) ». We Sbut eff et upper bead 


“7 


Dertamad-Zese Casa: 
p¢ ef 9 PP 


Cpe ration Bffecte 
@. Fall Cleocure 
dD. Pull Upeniog } Reaarke 
eciateé & t 


eo 


@.-c. Seme ae adeve Leck fe aet eperative fer 


aavigetion. 


Vermsyiy fer aavi- ec. arr. 6.98 by a wall. Cuaater 
gation ef the Ras a4. 21.57 of length 28.5 we. Threler 
River. Fet ia e. 19.21) sysy gan gate widts 5.96 a. 
seperation. e@. Readveay &.% a. 
Variss sev Leck e. 17.5 x a. Masonry leck. Irea eiter 6.-3. Same ae abeve 
(Meve Sch levse) b. S20 getes. Chaeder length ec. Blasting of tne gates 
Bavigatiea ec. az. 2.5 5 165 m=. Cramber aad gate will preduce a wave 
4. 23.57 af Br width 10 m 2.5 @ high, eadanger~ 
@. 17.90 af BE Cc. Readway 4, a. deg navigatioe aad 
fleediag v4 jeceat 
laa. 
Varheh 016 Leck a. 2.8 ke @. Mmocoary leck vita upper a.-c. Ne special Leck ia set eperative fer 
(site Schieuse) ’. 18 head ehut eff by a wall. signifieance. aavigatioa. 
Havigation G. ms. 208 Cheever leagta 20.5 a. 
a. 19.21 afte Chamber ané gate width ‘ 
oe. 17.90 af NB 5.% a. 
¢. Readvay &.% a. 
Tegliagea Bew Leet a. 5.7 xe a. Macenry leex with ires a.-d. Sase ae adeve. 
(Newe Sehicuse} ». Yea miter gates. Chaeber ce. By dDlasting, a vara 
Ravigatices Cc. amex. 2.5 8 length 165 mw, width 2 ew bigh weuld be 
4. 17.90 mpeD 10 3. Gete wieth 1C a. created, endsagesiag 
e. 1%.60 af Wh c. Reaédwa, 2.3 a aavigation, Cleediag 


Valxway 220.4 a. 


Meprea .eck aad ihe 
eld Keppel Leck 

(Keppelechieuse) ia 
Old Sasekes Cana). 


Saager ef éass 
dDreaking. 
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Lece sien 
River ke 


a° Mascas 
164.0 ke 


& ef 
165.5 ko 
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Ti 


Ror tausd-Bae Canali (Sequence Devastreaz) ae 
; $ 


eet Be.” 
Tj. Be. 


Ceatrel Structure 
{awe & Purpeae) 


Tegilagesa C14 Lecz 
(Alte Sehieuse) 
Savigeties 


Meoppes 014 Leek 
(alte Sepleuse) 
savigaties 


Meppea bes Leek 
(Seeo Sebleuee) 
Devigation 


Meppee Deuble Leck 
(Lerpelechleuee) 
Ravigatios 


Mueatel O14 Leck 
(Alte Sedleuse) 
Ravigutica 
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@. Backwater Extent @. Reedwater Rler. 
Tatilewater Riev. 


= : ° 


&. Peel Width e 


e i~.60 af 


a. 1.7 ke 

db. 30 o 

CC. @az. 2.5 8 
4. 30.70 oped 
e. 10.40 aft 


a. 1.7 

do. 308 

ec. mx. 2.58 
4. 16.70 afm 
e. 10.00 afgn’ 


e. 1.7? 
b.ce. Sase os NOpypern New Leck adeve. 


a. 10. 
& w 
[oP Gaz 
@, 10. 
e. ?. 


1 

2 

- 2.72+3.93 @ 

©0 af iB 
af Bh 
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Der twand-Bae Canal 
rT oe Fw 


worn SCRIPTICS CF CONTROL STRICTURES 


‘Operation Bf! Bffecte 
Ta, Poll Clesure 
'®. Pall Opesisg 


__. tack @ Pra tate 
oe. Lecce 
>. Dae 


Resrks 


a.-d. tam as Ranekesafaehr 
Guard Leck (Sperrechleues ) 
(km 139.96) and Tegliages 
New Leek (Bowe Schleuse). 
Binatize wtll create ware 
2 @ bigh, eedangering asvi- 
eation, fleeding Meppes 
Jeck, and the eld Dewdie- 
Leck (Keppelechleuse) ia 
the O14 Haneken Canal. 
Danger ef dane breaking 
velew Tsgliiages. 


a. Mmeeary icek with weeden 
eiter gatee. Chamber 
length 26.5 #. Chaaver 
eaxé pata width 2.% a 

c. Readway 2.15 a &. 
Valicvay 220.4 @ 


a. Mecoury leck. Upper om, 
irea hiage gate. Lever 
ead, irem miter gete. 
Chamber lengta 100 a. 
Chaaber and gate widta 
10 a. 

ce. Readwa, 2 8 
Veikwey 2x0.2 


a.-d, Me significance. 

c. Blasting will cause the 
pee) frem Hecpen te Tegiiagen 
te run dry. Navigation weuld 
etep. 


a. Kaseery leck. Upper eat, 
biage gate. iever ead, 
miter gate. Chamber i\eagth 
165 a. Chaaber esd gate 
width 14 @, 

e. Readway 2 8 
Wa leway 230,3 3 


a.°-e. Sane as abive. The 
discharged wave russ eut 
im a chert times in ths 
Bes River. 


a. masonry leck 3 weed aiter 
gates. Chander leagta 
2320.5 @. Chaaber aed 
gate width §.96 = 


a. Maseary heads, sleped a. Be siguificaace. 
chaader vells. Chaster >. Blasting creates 
length 145 9. Chascer aad weve 2 @ high, which ruas eut 
gate widta 10 8 im advent t2 neurs. 
e. Reagray 3.2 @ ec. At ¥V sad MW’, anvigntion 
Welkway 220.4 a steppel.. Temporary and insigni- 
ficazt iecai Sleoding. 


a.-c. Sane as Meppen Leck adeve. 


/ RESTRICTED 


SECURITY 3 


INS OR MATION 


i 


jeea tion 
River me o Me. (ame & Purpees) bh. Pool width e. Yailvater Elev. 
Ser Ga We CRE ee ee ee Eee: 
Pasate re Beeatel Sew Leak a. 16.1 be 
(Bees Sehleuse) be. Same an Bucate) 014 Leck abeve. 
at Seren) Ravigatice 
375.6 ke 
. mm ef ¥ Dusthe Leck @. 9.3 ka 
{Sehseure) %. Re 
of Un Ravigns tices @. anx. 2.4 a 
@. 6.00 afE 
©. 3-80 aft 
at ‘ Bellinger? se. 1) 
soe # (Sehlonse) d’ We 
P =. Savigaticn e. ms. 2.51 & 
4. 3.80 ay fe 
@. 6.0 af kb 
B ef 2 Kkeri@us seek Be 6.6 r? } 
ror (3603 ompe ) & an 
Mavigatice @. ans, 2.75 B 
é. 2.5 ae 
@- 0.45 of ES 
6 of Ped Oléarcmm Sealeck @. The Bae River in tide ragica. 
(Seeeehicuse) @. 5.18 af BB at bigh tide. 
Peri gatics ©. =0.95 afMB et lew tike. 
iva) sage 


ae wf a nr 
: 1 Gegwel Strueture 


“ RESTRICTED 


SECURITY INE ORMATION 


FRSGRIPTIOR OF COBTROL BERUCTIRS 


a. Beskester Extout 4, Eandvater ilev. ve Leek eats 


‘>. Das ti 


i¢ wae 


a. Meonry. iren aiter gates. 


{@. Fall Opesiag 


y 8 of 9 op 
Clea Bffeste 
1@- Vaid Closure 
Reaarke 


ho acs 


&.°-@e Sane as Bueantei 014 


Caseder length 225 a. Chsaber leek -_ 


a. Masonry heads. Sleping 
chasber valle. Ireu aiter 
165 % 


a. Chamber leagth 100 a, width 
12 a. Gate vide 10 a. 
e. Reefuay 5 a 


a. 
». 


a. 
vd. 


a. 
v. 
@. 


Be eigsificaace. 
Dewastreen: Bieetiag vill 
create & vave 1.5 = bigh, 
wich ruas eut ia adent 
12 hears. 

Through cavigntion stepped. 
At DW and WM, onfaagere 
vessels is the peel frea 
Dusthe te Beliiagerfachs. 
Tasignifienat lecal 
fieeding. 


@.-e, Sam as adeve. 


Be significance. 

eatcoag: Pool frea Herbrus 

te Beliingorfachr runs eapty 
i Sastse spestag 

by Dlasting creates ¢ wave 

of varying height depending 

os high er lew ‘ide. 

Threegh aavigation stepped. 

lesignifieant lecai 

fleeding. 


Ears 

Inundation of Lowlands. 
Damage te cultivated laad. 
Badeagers © oa tateee 
harver. 2 re of double 
ge tes for eafety. 


RESTRICTED 


SECUKITY IN’ JRMATION 


’ iS PS ee See ee eee ae ee Le 


ESTRIC TEO 
a MATIC 


err cie Dertmwund-Bas Cones 
wee TY ‘ Ptr ) 9 ef 9 yp 
- H2G trees) i DBSCRIPTIO‘ C3 5c CL STRIGITCESS : ae. 
} Peol Inta eck & Dae (eta Operation Bifecte 
wecatien impaet Be .* Cestrel Structure (e. Backwater Exteat @. Seedvator lev. e. Leck "a. Pall Clesure 
River kes , O8j. Be. (Wame & Purpose) 'D, Pool Widte e. Tailwater Kiev. b. Daa >. Pail Open ine Reaarke 
= Bridgnvay C. ecijate @ . Pp 
. esas ke RU es ow ee ene ——— a Te 
Bersewn Leck e@. Ares of inland harber. a. Charber length 100 o ee Cane] sed herder, mene. 
209.0 te 195 (Leb levse ) 168 hectares Chamber «rf gate vidth 10 @ db. Gans) Peske: Harter water 
Herigatioa @. C14 Tans: Zarber $ » eo, Readweay 3.6 @, singie track filewe in cana) leceted at 
Bavigstion ntege 7? @ Be bridge eee levee), 


Industrial Harder 9 2 
Bew Easber 10.5 s 
&.-@. Sarde: 1.10 afm 
Canal 0.95 mafmD S 


*Sennrel aap reference 


Har be: Water stage 
lewered is Bades inland 
harve:. 
Damage te cultionted land. 
Radenagere wharves es the 
inland harber. 

a: Inetell seedle 
valves ef doth heede. 


- RESTRICTED 


SECURITY INFORMATION 


a eee 


a 


dn 0 Desorict 
The foi 


be 


f. 


The onzcls a) - ©) belong to the Ens 8. Brsiny conn] f) 
telongs to tho Veohte R, Basin, 
al) Bes-Vechte Canal: 


asd joins the North-South Cannl at Nordhorn. 


and Veohte watershe's, is loocted in the wlloy of thease rivers 
between doms, otherwise the ontire Isngth is in a 7m deep cut. 


water flow ond Blight toc formtion, 


Depths 201 Tee 

2 control structures, ce {ciiowss 
Map Ob4. Crnel 
Lis Nos Rome kn. 
68 4& Bes Loos (Ensschiewss) «* Yanekenfcehr, 0.06 

mouth in the Dertmund-Ems Consol 
88 182e Look ot Sordhore-Fronswogen (mouth in 

the lower Vechte) 21.8 


ti 


bam ZLTER, IPT SITE CARALo 
(Linxsexsinche tan-ele) 

ice of tne Watercourse. 

lawing canels betong to thie system 


Ees-Veonts Canal, 21.98 ian long, with oomnecting 
ornal to the upper Vechte #., %8 im long. 


South-North Carai, 45.60 km long. 


' Sghoeainghsdor f[-Hoogeveen consi, 2.65 xm long. 


doren-Ruetendrook Crnol, 13.60 ku long. 
Piooardie-Coevorden Canki, 25.50 ke long. 


NordhoracAlmels Canrl, 4220 km ionge 


Brenohes out of the Ems at Hanexunfcenr Lock 


The oonal, which brenks through between the Exs 


fherofore. there is o inrze amount of crounj- 


Cun.l bettoes Gand, with stretohen of olcy. 


Wator-level width: 16 m. 


“ 
aH% 


RESTRICTED 
Cer ‘ = <3 


ef) Besidoe t lock in the Yorbindungs Zane] with 
the upper fecntcs 


Move: Chi, Sannl 
Noy Soa. Neome im. 
ga 123° Nordhcen Lock Oe? 


eb) Scuth-Nerth Geno}: 

The onneal 48 toocted betwcon dime. In its couthern 
reach, it flows tn the Veonto umd Lec vriicys, crossing in th- northern 
rosch (below Look 19, Old Ploserdie, onnelekm 10.9, up ton few kx 
ebuve the mouth in tho AeroneRuetonbdrook Canal), the larze roors 
Located alcnge the 3ctherlands berdcr. 


‘ Cancel bottom In the southern ronch, sundy; in th» 
northorn rocoh, ermndy and poate 


T terclewl widths 12-16 2. 
Depths 1063 -2e1 m 


7 control structuros, c# follorss 


Kp Cbo4. Canal 
Kos has , Mane ames 
58 61a Look I at Bakolde 1.1 
$6 620 Lock II rt Nordhornor Wieson 3.8 
§8 64c Losk ITI at EohcnkoerdcnWiotmrachon 7.4 
58 65-. Look IV at Alta Ploorrd fe 10.9 
68 8la Look ¥ .t dobolermoor 34,9 
26 208n Lock VI at Fohndorf 35,6 
46 20 Lock VIF at Ruetenbrreek<Oose brook $4.6 


e) SohooninghsdorfeHoogerocn Coens] 
Canal Bottoms Sandy. 
Wator-levol width: 16 nm, 


Depths 2.21 Be 


1 look es followss 


Map Chde Cans 
Se 290 Nemo re 
$8 15 Se Guard Look (Sperrschicues) op 
the Gerern-Nothurinnids bordor 47 
t bo a 
RESTRICTED 
PECUHITY DUP ORMATION 


at 


Conel bottors Serniy, 


Yoterele ral widths Jf m 
4 Derths 2.1 2 


4 cmtrol structures, 8 followss 


keep StS. 


Cancl 
Ko, No. Faro Kame 
46 2080 Look 1 at Haron 0.1 
46 2194 Lock II et Althcron-Brikn 6.6 
46 219 Lock IIle® Ruetonbrock 
; (Hintess Busch) 19,9 
Ie 46 - 2230 Guerd Loek (Sperrsohlouso) on 
; the Germenn-Wethori-nde dorder 13.4 
_ ©) Plecardie Coovoricn Ceannls 
= = 
Canal dottam Sandy. 
5 Wator-lewl width: 12 re 
Fe Depths <°.8 tie 
e 
& 4 contro! structures, cs follawer 
Y kap Obj. Canc} 
k No. NG, Kano lan, 
= Z 
4 66 92a Lozk I at Hooge tode -Bathorn 76? 
r 638 97 Loak IY at Klein Ringo 18.7 
‘ 88 79a Look JII at Volecl 19,1 
z 58 106a Guard lock (Sperrechiouse) IV 
i at Vorwnld 2201 
e 
\ E 7 . . 7 
j t) Fordnorhemimwis Goals 
; The onnal {a loosted betwoen drms in the Vochto 
} Vellov, otherwise in cut 4 m doepe 
| 


Cannl bottors Enwy. 
Watereicwe) widths 16-17 2 


Depths 1.82.1 m 
RESTRICTED 
~ t 


ae Pag 


o ony: 
SECA ew - 


1l3$e 


oh seu t mes 


ap UdSe Canal 

Be Woe Nome Le) 

68 5 be. Gunrd Tosk (Sperrscht. ure) et 
Prenedorferivsr sm the Germne 
Nethorirnds borter Oe2 


‘pee 
poe 


« Paesneetime Rozguletion cm Utdlizetion of the Flow, 


The Em &, le ftebank onnrls sre fed by ground water in the 
out rocehes ond by severcl inlete from the moers throurh the Ems ct 
Honukenfeshr (Nap No. 56, Obfe Noe 45, sce Generel map) and the Vechto 
(Yap No. £8 Obj. Ko. 152, see Gonorci mp} et Nordhorn. 


Out of tho Ems R, at Seneken Dex (Sehr Hancken) oly 2.2 
n8/s onn be takon at HW and BH. or navigetion in tho Ens KR. and th: 
DertmuusEme Cone! will be impaired. Through the Hniren-Ructenbrock 
Sen.l the weter flows back to the Bms 2. ct Enren. In the Sms-Vechte 
Cannl and is the upper pool of the Seuth-North Canard thie fe nenrthlo 
through both mill dae# (Muehienwehro) st Nurdhorn (Kop No. 55, Odj. 
Yo, 180 and 181), the look (abtechiseswehr) to the Vechte (Mrp No. 58, 
Odje Noe 162n) usd Losk I on the SoutheNorth Cennal (Mcp No. 58, Cbj. 
Hoe Gi}. The Sy=pass ennel (Entlestungskron)) bolow Lok II of tho 
Cooverden=-Pioonrdie Canal (Map “oe £8, Obj. Now 97) drains senin 

nto the Vechte Re at Exlichhein. . ; 


High water in the Ems and Voohto Rivors is kept out of tho 
onnnle by closing the inlot locks, Tho Nordhern-Almolo Cennk rosnins 
entiraly in the sendy sren (Strubervich) of the Veohto,. 


The prinsipal onnals crossing tho GermeneHollam border 
have gucrd-looks (Eparrechleusen) to climinata Irrgo volumes of wator 
in sovtéitancs with tranty crreagumontae 


in addition to serving novig tion with look sizes (offoctive 
lorgth 33 m., effective width 6.50 m) corrusponding to vesrola, the 
loftewide onanils serve to impound w-ter for uses in the operntion of 
2 mille in Korihorn, for cooling purposes by teztile fretorios in 
Nordhorn, and for slenn#ing purposes by 2 poteto-flour mill in 
Exlichhoir. 


III. Werfare chropges in the flos, 


By complute cleeure of both mill dnms (Muohlenwenre) on 
the Veekte (Mcp Now &3, Uri, Bo. 150 nnd 161) and tho losk 
(Abschicgewehres) (Map No. 68, SDJ. Wo. 162.) nnd by opening Lock 7 
(Map No, 58, Ob3. Mo. 614), the entire Veahte flow will be diverted 
to the South-lierth Cancl, It is slao posBible, st Lock I om the Ens- 
Veehto Oonel (Map Hoe 68, Cb3, Hoe 45}, to tke out ocnsidernbly sors 
then 2.2 w°/s fron: the Eas Ry ik 

RESTRICTED 


SECURITY IN-ORMATION 


ole 


Temas 
eters 


With dcth quantities or water, Same installction« in the 
low and slightly tloping lend between Nordhorn «nt Georgederé (805 
Gercr=i cg} oan be inund«ted, beerwe the weter level in th onaml 
is oonsisgsratiy higher thin the eurrounding land, also the mtor 
acpth in the individun) onnel poole can be raised sevorel decinetors 


vy running up tho lock gates. 


RESTRICTED 
SECURITY INFC ATIC 
ol5< 


Ceatrel Strustare 
(Bame & Purpese;. 


iaek (Sechieuse* J 
&$ Tieed centres 
feeding the ieft- 
ede caaaile 


_ Outlet das (Adisce- 
23,2 &e ASZa wear ) 
Pleeé coctrei 
havigstion 


Pleed eentre) 
egsiast the Vechte 
River 

Ravigatics 


») s = ) 
—hachelss = Leek (Senleuse) ! 


Veeéing ef ca le 


Gseerei snp refereace 


“ee Backwater Eyvtent 2. Beatva-er Elev 
) ¥- Poo] Vidth 


46 

maz. 2 8 

23.90 odEz 

21.52 om 

2) xe 

16 @ (entire canal) 
mz. 2a 

21,50 wD 


a bso tev (a te See ae 


% o (entire eans)) 
mz. 28 

23.52 af 

19.25 afm 


7 lece = Sos Date 
- je. Leet 
>. Dan 


e@. Tailwater 2Zlev. 


v. 


Maaearys lect cheeber 
with veedsn alter etee; 
chamber leagth 40 a, 
width 6.0 m, Gate wiseh, 
6.5 a. 


éas ( Vehraslage) 
te ellie. 
BE width & a 


Maseary 
wetden 


19.90 


Masenry heade with 
ires miter gates ent 
eleping chamber vaile. 
Chaaber leagth ao @. 
width 6 @. Gate width 
6.4 a. 


Meeonry lees chaaber 
with weedes aiter gatee. 
Chasser leagth 33 s, 
width 6 @. Gate vidta 
6.5 a 


v. 


3. 


ive 
f $ pp 


i Sleskiag 
the inlet fren the kas 
River aad water defi- 
efesss is ts ikS Se isag 
casels. 

Rewnnixnag: Overt loving 
free cansl daa at AW ca 
the Bue River. 

Suut off savigatios and 
iadvetrial eperations. 
Innudatioa. 


Ueatzean: Cverflewiag 
freo cane) dems at ia- 
tensive preeipitation,. 
Daa tvese: Mavigniion tat 
cht eatisely. Sater delim 
aieany ie the left-side 
eanale, 

Toundation; stepping of 


fadestrini sperations, 


Shutdewn eof navigation 
te Beliasé. 

: Pleeding 
frem eana)] Seams at is 
teesive precipitaties. 
te d. Imunéetios. 


Revpairese: Sater éefi- 
clieasy in the 89 ke ia 
Geovestreas eansis. 
Gpetrean: Buptying ef 
enna! peel. 

Devaetreen: Weter-e tage 
rieec and sverfilewe the 
entos ef leek 11. 
laterreptien ef navi 
@ation. 


= bee’ ma 
demolition of upper 
or lever qates. The 


pooa rene cupiy. 


In the upper bead ef 
the olf double leek 
(Svppeisshleuse), 
Rick te oat of 
operetios, @ eleisce- 
— (antallation 


& wo vide sad 2 3 high. 
Gate dvearéde {%eimete- 
tafel) are herisental ; 
divided fate 2 sestions. 


: The 
elapleet, free the 
woper ent lover gates. 
The chaaber valls cf 
the leek, 1:8 8 ag at 
with arebed toys be- 
tween iren wha 
vased oo weeden piles. 
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whee 
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RESTRICTED 


Swe River - reft side camis 


SECURITY INFORMATION Paes 

Eee River tof icasts {piaxevemjeche) Case 5a 16 sbeapence Zevsetress) — BES RIF7 ice OF COMTRC. STRUCTUNES ee Perkin eae aes ee ae 

} Pes: Data jack & Dee Date (peratios Effects { 
Lacatioe Coatrel Structure ‘a. Backwater brtent 4. Reacweter Klev. (0. Leck a. Fall Ciesure | 
River ke =| Oh). Be. . (Rese & Purpese) ‘>. Pees View ©. Tatiwater Elev. b. Jse bd. Pull Cpening ' Reearke 

i Peel a el ic, Bridgeway oe HE BOC Is ted lite eae ae 
: eas a 5 aa | 
& ef — Leek (Senlsuvee) I! a. 2.7? ke 
Havigatios b.-€. Seaw ae Leck : above. a. Saee a8 iacr J atove. a.-c. Same es abdeve. p: Sane ae 


Wiateer- 8 =—ss Oda 
aches 


@. 19.25 af wD 


Ce 


Iree, Sieléd-path 


Overfileviag ef the 


pes 
Leck 3 abeve. Ia the 


for thers eo. 16.0 afm turretridge (Peldweg- tes s% Lsck 35. Leck eill at Lee River, 
jesdew Drettruecke). veck-siphea fe lecated. 
(Vieses) 
3.8 ke | 
Zehees- reed Leck (Sscblenec) II} a. &.7 re a. Same o8 Leck | stove. a.-c. Same as Leck 1 : Sam ee 
keerben Bavigatios b.~e. Same se Leck ! sbdeve. ce. Trea, fielé-path ture- above. Over’ lewing Leek 1. Ia the leek ofl] 
Siswmr- @. 14.00 af mm tridge (Peldwege the gates ef Leck IV, e@ Lehner dback-eliphes {8 
aapap e. 16.75 adv Oret.bruecke) lecated. Chamber walle 
7. ke of the leck are the sans 
ee leck 1. 
Aiie if lack (Sehleusey IV eo. 3.5 mm s. Same ao Leck I above. @. Dewas:rgena rater “cts tee: And chamber : 
2 65a Bavigation d,—9. Same as ieck !. co. Trea, ftele-petn ture. eher tage. walle ease ae Leck 3. | 
10.9 ut 4. 40.75 meee bridge (Pei¢weg- bd. Upetreap: Water stage | 
@. 16.00 af BZ vrendruecke ) levered abdeut 0.75 a. 
Dovnetroap: Vater 
stage rises. | 
ec. to a. Shut eff tareugh | 
aavigatien. 
te &B. Ja the upper 
pee) ealy vessels vita 
eanl: draft ceuld asavie 
ete. 
4 a iwexz (Sehleuse) V a. 33.9 =o a. Masoer, heeds, sie a.-c, Sam se ieck 1. : Same ae 
Rebaler- Oke Ravigatiee v.-e. Same oe Leck J. tag chaaber valis. Cwerflows the gates ea Leck 1, 
é. 10.0 af md Chasber length 33 a, Leck VI, 
_ k= @. 15.0 af hb wieth 6.5 a 
8 ef a © Leek (Schleuse) VI b. 12 @ (at Pehaderf) a. Sere a8 ieck ¥. e.-c. Same os Leck }. Restrustion: Sam as 
2038 Bavigatioa e. 1.6 @ (maz. at Fehaderf) c. Readwe, 2.5 @. iced Cverflews the gates Leck 1. The leck= 


Geseres ang reference 


Leek ‘Sebievse) ¥)! 
Bavigatios 


@. 15.0 o ¢Bn 
@. 13.0 af BB 
Fer the eatire cane), same as cock !, 


a. 5 m= 

d.-¢. Sace as Leck }. 
é. 13.0 o SRB 

e. 31.4 af 


6 teas. 


teseary leck chaater 
with miter gaies. 
Chaaber length 33 a. 
Chander end gate vidth 
6.5 o 

Deoedway 2.5 a. 

raed & tees. 


on Leck WIJ. 


s.-e. Sage ae leek I. 
Overfiewe the gatee oa 
tack I12 ef the Harea- 
Ruetenbreck Cana:. 


festeliation Civersica 
cenal ie 1 wo dianster, 
with falet gatee. 


Rao’ rvction: Sane ee 
Leck 1. Of the lecke= 
inetallation diversities 
werks (i » ia @iaemsier), 
and the inlet gates. 
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SECURITY INFORMATION 


eoiir 


SECuF 
——— =$ite (iintoepeseche) Careis (Secvence Dowagtsez2) DES 
Pee: dats 


° Costrel Structure "a. 
aiver km | )3. Se. | (Maas & Purpose} ‘me 


owré leck e. 
oxi ee (Sperrechleuse ) >. 
2.6 xs 1$%a Mavigaties c. 

a. 
8. 


@) _ ee 
ares ; leck {Sebleuse! 1. 
el ke Guard less loess be 


echleuse ) c. 
Ravigatica é. 
Oe 


V of Bares sh Lock (Sehicuse) (1 a. 
6.6 in 2 (Altaaren-Br ike ) d. 
Ravigaties €. 

a. 

@o 


Leek (Senlewss) III a. 
Savigatios ». 


*Qeeerel reference np 


Beckveter Es tex 
reel Sidta 


#1) EE 

% sa 

az. 2.) » (Altharse) 
10.30 af mm 

8.30 of BD 


3.9 ka 

ve 

eanz. 2.) » (Altharen) 
13.o oft 

30.) af 


e)) 


ce, §ri 


G, 
Leck @ Dae Data 


@. Hoatwater Blev. «. Leck 
eo. Patlwater Biev. bt. 


SY '.3 eee eee 
® 


as 


Maeeary heade, deuhle- 
secod, sloping chaaber 
weilie, miter gates, 
Cnaaber, leagth 3% ea. 
Chamber and gate vidth 
6.5 a 

Tres. tura-dridges fer 
vebicilee. 


Mmseary leck chanber 
deudie-beard. Chander 
length 33 @. Chander 
ard gate vidth 6.5 a. 
Readvey 2.5 8 

teed & tons 


Meeary leck chasber. 
Miter gatee. Chanter 
leagts 33 e. Chaaber 
end gate vidth 6.5 a. 
Beadee: 2.5 3. 

leed 16 tons 


Maseary ljeck chanster. 
Sane ae abdeve. 


me Rives + walt side cmrais 


pP 3 0f 5 pr 


Operation pfiecte 


(a. Pell Ciesere 1 
jd. Fadl Cpeaing 


&. Witheut lepertaage, 
>». Dapeadese om the water stage 


te efSecest canals ia Geiiand. 


Core. Mavigatien te Heliand shut 
eff. 
>. Water can flew to Helland. 
Mavigatien pyseeibdle aniy for 
weeeslis vith em): draft. Dae 
ef abeat phaiag. 


e. Witheut iapertance. 

>. Dpetrees: At G4 on the Eas 
River the water etage is 
lewered 0.6 a. 

c. Tareug: aavigation ehnut dewn 
te a. At GW the Bas River 
weeld be savigadlae ealy fer 
weeeele of emi draft. At 
GU Base River water leaks 
fate the cassi. 


@. Upetseap: Vater etage rises 
Gleviy. 

Rrmetreag: Vater shertage. 
do. Deatreag: Pee) rune ceapty. 
ionsireap: Vater etage 
risee aad everfleve the 
q@ates at Leck I, Bui ner 

uhes the Eas etage is 
higher thee BY. 
e. Turenugt aevigation stepped. 


eo. Ypatrees: Seams as abdeve. 
; Same as abeve. 

>. Deeicoag: Peel rums out te 
ebeut 1 ws depth. 
Revastreap: Veter stage 
rices and everfiews tue 
q@@tee on Leek II. 

@. Same <1 abeve. 


: Beet 
by domplitiea of 
upper and lewer 
gates, the leek 
Giversiean verks 
(1 @ @iemeter).. and 
the islet g@ - 


Deasrection: Sane 
ee adeve. Leck 
diversiea verke 
ease. Chanher ~alie 
ef the leck 1:6 
with arched tepe 
Detweea ires forse, 
vaset on piliag. 


: Diver 
siee werke uad 
cheaaber walle, case 
ae abeve. 


/ RESTRICTED 


ecritstTy ECA ATION 


esc: 


f 


RETRIEVED Bee River - Left eige canis 


. - & af S$ pe 
SECURITY INST VATION » ge 
Hime _Biver et viii te ipsaksees tonne) Conale (Sequence Devtetrees) __ DSR IPT ICN CF OU NTR LL STRICT E —+- 
i Peel Data weck & Ose Gate Cperetioa BYfecte j 
Lecatica ise Bee” | Ceatre: S$truetwe &. Bectwates Sitent 4. Beadwetsr Blev. a. Leck }@. Pall Cleseure 
Rtver ke | (!. Fe. (Benue & Purpece} 'e. Pool Width @. Tailwecc: view. /d. Das >. Pall Opeaing Remarks “ 
—S:Pee} depte gs Be ldgewny ee Aseectated Reoulte 
Leck (Sehieuse) IV ©. 3.% hm (Daekwater else extends up a. Masenry heads, w.teor entes, a. Vitheut significasce. Deatrugtien: Same ae 
bases Quaré leck (Sperr- Beilasd Camel) clepiag chaever veile. db. Downstream: At Ligh- abeve. Urper head ef 
sen Louse ) ». 168 Chamber length 7? . Caaaber eet water levele the eck hee a ehert 
Bavigatica ec. mz. ¢.l e and erate vidth 45.5 a. eetes at Leek IT! eal vert. 
@. 11. 12.5 af aD e¢. Reedvay 2.5 ao. are fleeded. 
e. 11.6 af teag S teas e. te a: Savigntion 
chat dova. 
te db: Mavigation e% 
We endangered. 
€} s-Say 
=| Leek (Schleuse) 3 a. 31.9 ke @. Msoary beck chasber sam o. Upetresn: At AV, water Deetrection: Same as 
batasre 92a Barignties %. ite es abeve. etage riees. abdeve. Relief casal 
7.9 ka Cc. aes.20 e. Irsa, fielé-read tura-dridge. Dewacireep. ‘ater fer EV diecharges. 
é. 16.00 ap BD chertege. Tne iaflew gatee te 
e. 15.00 apna >. Dpsarec> Vate, etage 60. Bavigestion ia the 
levered 1 2. Seuth-Berta Casal 
Reovnarreas: Over- Leeke IV-¥ alee ie 
fiewing ef gates on peesidle (adeat I s 
Leck 11, water éepth). 
] Leek (Schleuse) 1] e. $.5 xe a. Meconry heade, sloping eo. at EW, water etage Destruction is sagiees 
9 ~ Savigatiea v. 16 2 cnuasber walle, aiter gentes. riree. vy demlisaing the 
2. mz. 28 Chasber length 33 a. dD. Ypetreag: Water upper er torcr gates. 
@. 15.00 af BE Chaeder and gate width etage levered The leck draisass weske 
43.7 @. 13.90 af tN 0.5 @ adeut 1.2 a. at BV dicsharges. 
oe. Ravigntien 
faterrupted. 
i kh. lock (Schleuse) IT!) a. §.4 ks a. Maseary leck chamber a. Dewnsireag: Vater Reoatructios: Sac as 
° 103s Revigatics ® l6@ came ae abdeve. ehortage. abeve. 
Cc. mz. 28 c. Pie.d-read tura-bridge. b. Ypetreeg: Ceasl 
4. 13.8 afm runs eapty. 
eo. 11.5 af BB Dowastreas: Vater 
etage rises, aad 
eoverfleve gates 
ea Leek JV. 
e. havigstien 
faterrupted. 
1.3 mm free leek (Schlevse) 1¥ a. 3} be e. Mmeeer; lock chasber a. @itheut efenifiesece. Destruction: Same ae 
tan oor ee Bevigation ». be enge a8 above >. Upetrees: Caael rune adeve. Chamber walle 
Meilland Deréer e. az. 20 ce. Viel@-read ture-dridge. eapty. 1:6 eleye, arched 
anemid 4. 11.50 of BD Sewnatreag: Water teps. between iren 
ol we ©. 9.40 af BS A etage ricee. feras, waced ca 
c. Bavigntios wooden piling. 
iateorrupted. 
Pea ee st erenne RESTRICTED 


SECURITY INFORMATION 
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Mewii ar: ° ts @ee River - 1-5; cide canals 
> Set 5S pp 


AUCH OY SOWTROL SvRctyaRs - 
be ee a oo: Se 
Peel Deta leek & Dan Data Vperation Effecte 


l i] 
@. Bactvater Azteat @. Headwaters Biev. ja. Leek 


| @. Wall Clesure ! 
- Peel Vidw @. Teilveter Blew. ». Das | 3. Pali Cpoming Reearke 
pi Abeeeiened demete fT 

_ TASER SI IET i i ene 

@. 3.5 &. Mmseary icek chamber vith ®. Shut dews savigrtion de Deetrvction: Sane 
16 8 ires aiter gates. 2-way Mel las. es abdeve. 

@. mz. ca varaing. Chaabder leagth d. Significant enly when 
@. 21,60-22.70 adm 0 w, vidth & a. Gete the water drains ts 
@. 23.65 muy widta 6.5 =. Bolland. 


@. Shertage of cooling 
water fer 2 textile 
facteries. 


Pi. 


b, 
| 
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